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Abstract 
A multiproxy approach has been used to investigate environmental change within a 
palaeochannel of the River Trent. The river floodplain and its palaeochannels provide 
palaeoecological and sedimentological archives of environmental changes. This study 
draws on information obtained from the analysis of the sediments contained within a 
palaeochannel at Aston-on Trent, Derbyshire, and from a contemporary comparative 
taphonomic study of a reach of the River Soar, Leicestershire. Three insect proxies 
(Coleoptera, Trichoptera and Chironomidae) have been used within the palaeochannel 
sediments to reconstruct palaeoflow conditions by adapting a contemporary index based 
on the species level flow requirements of aquatic invertebrates (Lotic invertebrate Index 
for Flow Evaluation, LIFE). The comparative study in the River Soar used one insect 
proxy (Trichoptera) to establish the nature of the current processes of taphonomic 
distribution, in order to validate the use of the contemporary flow index in the 
palaeoenvironmental reconstruction. 
The detailed study of the stratigraphy and sedimentology of the palaeochannel 
sediments, and the insect proxies, together with the chronological framework provided 
by radiocarbon dating, provides a detailed picture of instream conditions and, 
specifically, the flow environments within the palaeochannel. All three groups of 
insects are shown to be sensitive indicators of change in the flow velocity environment 
within the palaeochannel. Use of indirect ordination techniques has enabled similarities 
and differences in the data to be identified and, together with the results of the sediment 
analysis, has facilitated the construction of a conceptual model of the spatial 
development of the palaeochannel within the last 5,500 years. 
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1 Introduction 
1.1 Palaeoecological studies 
Contemporary landscapes and ecosystems are the result of a range of natural and 
anthropogenic processes operating at a range of different timescales (Roberts, 1998). The 
Holocene, spanning approximately the last 11 ,500 years, has included some substantial 
environmental changes following the most recent retreat of the Devensian ice sheets in 
northern Europe. These changes have included reforestation of the scoured postglacial 
landscape, adjustment of rivers to sea-level rise and changes in flora and fauna as a result 
of changing temperature and precipitation (Lowe and Walker, 1997). These environments 
and ecosystems have also been influenced by anthropogenic factors since 5000 years ago 
(Roberts, 1998). 
This record of environmental change exists in a number of different forms. Instrumental 
historical or archival records, although valuable, are of limited use in studies of the 
Holocene environment due to their restricted temporal extent (Roberts, 1998). Beyond the 
range of these records, it is necessary to employ a 'proxy' as an indirect measure of the 
change that has occurred. Many different indicators, both biological and non-biological 
have been used as proxies, including pollen, vertebrate bones, molluscs, diatoms, insects, 
sediments, isotopic records, tree rings and testate amoebae amongst others (Bradley, 1999). 
Each proxy can be uniquely sensitive to specific key environmental factors, such as 
temperature, pH or water flow velocity and each offers a different perspective on the 
environmental data recorded. A combination of suitable proxies can therefore be useful for 
establishing a wider perspective on the past environment (Lowe and Walker, 1997). The 
differentiation of natural from anthropogenic change can be an even more complex process. 
Analysis of possible environmental change therefore requires the establishment of two 
criteria: 
• the base line from which any variation can be measured; and 
• the natural level of variation which occurs (based on Bradley, 1999). 
These levels can be established by observing the environmental conditions in existence 
before any change occurred. Looking back into the past by analysing sequences of 
sediments and the proxy evidence they contain, can allow a picture of the changing 
environment to be established. Although the deepwater sediments of the oceans and the ice 
cores of the Antarctic and Greenland ice sheets provide a long and continuous 
environmental record, not all proxy records provide such a continuous picture. Glacial 
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moraines for example will only leave evidence of former ice margins and glacial retreat 
(Roberts, 1998). Terrestrial and aquatic environments provide a more complete picture, 
containing both autochthonous and allochthonous sediment and subfossil material, 
achieving both a local and regional perspective. Lakes and mires have frequently been 
studied and provide good readily accessible archives. For example, in a study of lake 
sediments in Greenland stable isotopes were used to give an indication of increasing aridity 
in the early Holocene (Anderson and Leng, 2004). Chironomids and pollen have been used 
in the reconstruction of climate and the environment of Talkin Tarn in Cumbria (Langdon 
et aI., 2004). High resolution records are often available from lakes, as the sediments may 
be annually varved (laminated) with sedimentation rates typically around one metre per 
thousand years (Roberts, 1998). 
Fluvial sediments have been underutilised as records of changing environmental conditions 
but can provide valuable evidence in relation to changes in rates of river flow and hence 
give a wider perspective of environmental conditions. Sedimentary evidence of flood 
periodicity for example, is already well documented in the alluvial record (Macklin and 
Rumsby, 2007) and readily demonstrates past changes in fluvial regimes. Essential to all of 
this analysis is the establishment of a secure time frame for the observed changes (Bradley, 
1999). This can be achieved by the use of stratigraphic principles and radiocarbon dating 
(West et al., 1999). 
1.2 Floodplains as ecological and archaeological resources 
Floodplains and river channels have acted as corridors for movement and human settlement 
since the Lower Palaeolithic (c. 2.5Ma - 200,00Oyrs BP) and can therefore be considered 
as regionally significant from an archaeological as well as an ecological perspective 
(Howard, 2005). Hwnan activity has often been associated with rivers and is well 
documented from occupation sites on river terraces (Garton, 1993). Rivers have been 
utilised as resources for fishing, transport and agriculture and there is a close relationship 
with the local human community. Floodplain sediments, in the form of palaeochannel infill, 
form the main basis of the study undertaken here. The emphasis is mainly on the 
palaeoecology of macroinvertebrates (Coleoptera, Trichoptera and Chironomidae) and the 
environmental conditions, particularly flow, which existed within and close to, the 
palaeochannels themselves. 
Investigation of a palaeoenvironment requires an analysis of both physical attributes such 
as sedimentology and taphonomy and an interpretation of the modem environment which is 
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represented by its biological content (Lowe and Walker, 1997). Biological proxies such as 
insects have given valuable palaeoenvironmental information with regard to successional 
changes within water bodies and the composition of the communities within them 
(Greenwood et al., 2006). Terrestrial faunas may also be found as part of the assemblage 
by a variety oftaphonomic routes. The composite faunas found in palaeochannel sediments 
can therefore provide an indication of the environmental background in terms of instrearn 
fauna, riparian fauna and the surrounding landscape, thus broadening the picture available 
of life in the past (Greenwood and Smith, 2005). Therefore the fluvial archive can contain 
information useful to both the archaeological and geographical/environmental communities 
when placed in the context of a secure chronology derived from high resolution absolute 
dating methods. These discontinuous and fragmentary deposits are often undervalued as 
records of climatic and landscape change, particularly when compared to mires and bogs 
such as the Somerset levels (Greenwood and Smith, 2005). They are assumed to have been 
disturbed or reworked, to contain material that is derived from many sources and to have 
formed over a comparatively short period of time (Greenwood and Smith, 2005). 
1.3 The River Trent 
The River Trent has been a focus for many previous investigations; sedimentological 
(Brown et al., 1994) archaeological (Martin, 2005) and palaeoecological (Greenwood et 
al., 2003). The Trent has been described as very mobile and prone to avulsion, meandering 
and braiding during its Holocene history (Salisbury, 1992). The middle section of the river 
contains the confluences of three tributaries, the Dove, the Derwent and the Soar, within a 
stretch of only 35-40 kilometers and has the highest annual discharge in the UK (82.21 m3 
S-I) (Smith et al., 2005). As a result, the floodplain contains a large number of abandoned 
channels and cut off pools (Large and Petts, 1996). It is these cut off channels which 
constitute the ecological arId Iithological 'libraries' of past events in the rivers history. 
These channels infiII with predominantly fine grained sediments derived from the main 
river channel. Preserved within these sediments are the fossilized remains of the fauna arId 
flora of the floodplain environment (Greenwood et al., 2006). Studies of material from 
working gravel extraction sites, such as at Hemington, have provided comparable 
information on invertebrates (Greenwood et aI., 2006) arId palaeoflow rates (Brown et al., 
2001). 
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1.4 Thesis aims and objectives 
Reconstruction of the changing floodplain environments of the River Trent at Aston-on-
Trent forms the primary emphasis of this thesis. Multiple monoliths have been extracted 
across a single palaeochannel which has enabled comparisons to be made both temporally 
(vertically within the monoliths) and spatially (between the monoliths). Three insect 
proxies, Coleoptera, Trichoptera and Chironomidae, together with particle size and organic 
carbon (Loss on Ignition) data are used to interpret the palaeoenvironment in terms of flow 
within the palaeochannel. 
Trichoptera have been under-utilised as indicators of palaeoenvironmental factors but have 
recently been used as indicators of flow (Greenwood et aI., 2006). This was achieved by 
means of utilising the Lotic invertebrate Index for Flow Evaluation (LIFE) developed by 
Extence et al., in 1999, for assessing the impact of variable flow on benthic invertebrate 
populations (See Chapter 2.5). The use of more than one proxy in reconstruction is a valid 
method for gaining extra information from the samples taken and may indicate differences 
between the proxies used. This thesis directly contributes to the knowledge on the use of 
palaeoecological proxies in terms of the unique combination of three macroinvertebrate 
groups in riverine environments. The incorporation of sedimentary and organic carbon data 
potentially adds further independent variables to the analysis for validation purposes. 
A comparative study of the recent distribution of trichopteran fragments within the River 
Soar, which is a tributary of the River Trent, is also included and has been designed to 
show the taphonomic distribution of trichopteran fragments within a comparable river 
channel to the Trent and their relationship with flow and sediment deposition processes. 
The objectives of the research were: 
• To provide an overview of the published research pertaining to the use of subfossil 
insects (aquatic Coleoptera, Trichoptera and Chironomidae larvae) in 
palaeoenvironmental analysis, particularly in relation to floodplain environments, 
together with factors affecting modem populations of macroinvertebrates in rivers 
and the use of the LIFE methodology (Chapter 2); 
• To develop a methodology for studying the taphonomic distribution of subfossils in 
a modern river, using Trichoptera as a model group and adapting the current 
paraffin floatation methodology (Coope, 1986) for extraction of the subfossil 
fragments to maximize the abundance of all three groups under study in the 
palaeochannel section (Chapter 3); 
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• To examine the taphonomy of trichopteran remains in the contemporary riverine 
environments within the Trent floodplain (Chapter 4). 
• To examine the spatial and temporal pattern of sedimentation seen within a 
palaeochannel by means of particle size analysis, organic carbon (%LOI), AMS 
radiocarbon dating and stratigraphic correlation (Chapter 5); 
• To characterise the spatial and temporal variability of the distribution of aquatic 
coleopteran and trichopteran subfossil remains within the palaeochannel deposit and 
to examine the effect of flow velocity variation by means of the LIFE index on the 
temporal and spatial distribution of the subfossil fragments (Chapters 6 and 7); 
• To characterize the spatial and temporal variability of the distribution of 
Chironomidae remains within the palaeochannel and ascertain the effect of flow 
variability on distribution (Chapter 8); 
• To compare a multiproxy analysis of all three groups with the sedimentological 
information and develop a model for the evolution of the palaeochannel sequence at 
Aston on Trent (Chapter 9); 
• To compare the results of the palaeochannel analysis with those of the modem 
channel (Chapter 9). 
1.5 Thesis structure 
The overall structure and research framework of the thesis is shown schematically in Figure 
1.1. The following chapter (2) begins by examining the role of palaeoecology in the 
reconstruction of past environments. This is considered in the context of the Principle of 
Uniformitarianism, the use of biological and non biological 'proxies' and the 
environmental and biological factors affecting the validity of any interpretation derived 
from them. The modem fluvial environment is then considered, together with the factors 
affecting macroinvertebrates Jiving within it. The specific effects of river flow velocity in 
relation to the distribution of macroinvertebrate communities are analysed and 
consideration given to the development of the LIFE methodology and its subsequent 
applications in palaeoecology. The chapter examines the utility of each of the biological 
proxies used in this study (Coleoptera, Trichoptera and Chironomidae), and provides an 
overview of their general biology and discusses their palaeoenvironmental uses. This 
chapter also includes an introduction to Taphonomy and its effect on sub-fossil populations 
in both fluvial and non-fluvial environments and an overview of the River Trent in terms of 
its geography, regional development and geological setting. 
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Figure 1.1 The overall structure of the thesis - a schematic representation 
Chapter 3 outlines the methodology which is employed throughout the research. This 
chapter is divided into two main parts; first, the methodology for the modem river study is 
presented and an evaluation of the sampling method utilised (artificial substrate sediment 
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boxes, kick sampling and freeze core sampling) outlined, secondly, the methods for the 
palaeochannel sampling, including preliminary work on macrofossil extraction carried out 
to maximize the efficiency of the method is outlined and for the preparation of both 
physical and biological proxies. This includes extraction, identification, preservation and 
the statistical methods used for the analysis of the results. 
Chapter 4 considers the results of the modem study of the River Soar and the present day 
taphonomic distribution of trichopteran remains within a comparable, although somewhat 
smaller channel, to the River Trent, in relation to the flow conditions and sedimentary 
environment. 
The physical attributes of the palaeochannel material are considered in Chapter 5. This 
includes the evidence for the contemporaneity of channels in terms of dating and 
stratigraphy, particle size analysis and organic carbon content in terms of % Loss on 
Ignition (LOI). Principle Component Analysis (PCA) is used for analysis of the physical 
data in order to evaluate the presence of any physi environmental gradients contained 
within the data and its effect on the overall distribution within the palaeochannel. 
The following three chapters (6, 7 and 8) present the temporal and spatial distribution and 
ecological significance of the three biological proxies, aquatic Coleoptera; Trichoptera and 
Chironomidae, particularly in relation to river habitat characteristics such as flow. Changes 
in the faunal distribution and palaeoLIFE scores are examined for the Coleoptera and 
Trichoptera only, within each monolith (temporally) and between monoliths (spatially). 
Detrended Correspondence Analysis (DCA) was used in order to establish the presence of 
any biotic or environmental gradients within the data. 
The combination of data from all the proxies, both biological and physical, using both 
DCA and Canonical Correspondence Analysis is achieved in Chapter 9 together with 
statistical correlation of physical and biological factors in order to achieve a multi-proxy 
evaluation of the palaeochannel environment. This combined evidence is assimilated into a 
conceptual model for the development of the palaeochannel system at Aston on Trent over 
a period of 4000 years from c. 5500 cal BP to 1500 cal BP. An assessment of comparability 
with the modem day taphonomic environment is included. A summary of the results and 
recommendations for further research are contained in Chapter 10. 
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1.6 Summary 
This chapter has summarized the key themes and ideas relating to the study of the 
palaeoenvironments in river floodplains. Previous research has indicated that floodplains 
form crucial areas in terms of environmental and archaeological research and form rich 
resources in terms of the sediment archive they contain - both physical and biological 
(Brown, 1996; Howard, 2005). The value of using biological proxies as indicators of past 
environmental conditions is emphasized and the significance of the middle reaches of the 
River Trent is established. This thesis directly contributes to the knowledge on the use of 
palaeoecological proxies in terms of the unique combination of three macroinvertebrate 
groups in a riverine environment. It is also establishing a basis of knowledge about the 
distribution of live and subfossil trichopteran material in a modem river, as a base line from 
which to infer information about past riverine environments. The following chapter 
provides an overview of the theoretical and applied background to the thesis research. 
8 
2 An Historical Perspective 
2.11ntroduction 
This chapter aims to provide an overview of all the available pertinent literature relating to 
the use of biological and lithological proxies as indicators of past environments. There is 
an overview of the biological processes and environmental factors affecting modem aquatic 
environments. Each of the aquatic macroinvertebrate proxies used in this study; the 
Coleoptera, Trichoptera and Chironomidae, are considered separately and the potential 
increase in information gained from a multiproxy study is also discussed. The origin and 
use of a methodology for the analysis of past flow regimes (LIFE methodology) is 
introduced and its relationship to the environmental analysis in this thesis elucidated. The 
chapter includes a review of the taphonomic processes involved in the derivation of the 
subfossils and sediments of the fluvial environment. Finally the River Trent catchment, the 
main study area is described in terms of its geology, fluvial history and sedimentology. 
2.2 Reconstructing past environments 
Plant and animal remains have often formed a key part of the basis of the interpretation of 
past environments (Lowe and Walker, 1997). The concept of Uniformitarianism was 
introduced by Charles Lyell in 1833 and is based on the principle that the present is the key 
to the past. Hippopotamus bones found from early Holocene contexts in the Sahara desert 
for example, can be interpreted in one of two ways; either the hippo has changed its 
ecological requirements during the course of the HoIocene and survived in desert 
conditions in an earlier time period or, the Sahara once had a wetter and more hospitable 
climate (Roberts, 1998). The obvious assumption here is that the hippopotamus has 
remained stable in its ecological requirements throughout the Holocene. Knowledge of the 
factors that influence the abundance and distribution of modem organisms can therefore aid 
the interpretation of those same factors in the fossil or subfossil evidence, and allow 
reconstruction of the past environment (Lowe and Walker, 1997). Investigation of a 
palaeoenvironment therefore, requires an analysis of the physical attributes that have 
contributed to its formation (e.g. sedimentology and taphonomy) and an interpretation of 
the modem environment represented by its biological content (palaeoecology). 
Certain assumptions must be made about the former plant and animal distributions in order 
to make this interpretation valid: 
• That the environmental factors governing the modem distribution of populations 
are understood; 
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• That the ecological affinities have not changed through time; 
• That the plant and animal populations are and were in equilibrium with their 
environmental controls; 
• That the subfossil populations have analogues in the modem biota; 
• The taphonomic origin of the deposit is known and is unbiased; 
• The assemblage can be identified to a meaningful taxonomic resolution. 
(After Roberts, 1998 p29) 
The validity of these assumptions will vary according to the type of fossil evidence under 
investigation. Since organisms in reality do not exist in isolation, it is often useful to apply 
a multiproxy approach, integrating evidence from different data sources in order to 
understand the palaeobiology of the ecosystem, not utilising a single animal or plant group 
(see section 2.6). The basis of palaeoecology then, is the study of the interrelationships of 
plants and animals with their physical environment (Birks and Birks, 1980). Many different 
fossil groups, both macrofossils such as vertebrates (Schreve 2001), plants (Wick et al., 
2003), molluscs (Aguirre et aI., 2006) or insects (Buckland and Sadler, 2000), and 
microfossils such as pollen (Langdon et al., 2004), diatoms (Ryves et al., 2004) and 
Cladocera (Hofrnann, 2003) have been used to interpret past environments. The biological 
proxy, or fossil group, is therefore a line of evidence for indirect measurement of the 
former environment (Lowe and Walker, 1997; Bell and Walker, 1992). 
2.2.1 Reconstructingfloodplain environments 
Floodplains are typically found in the middle and lower reaches of UK rivers such as the 
Trent and are land-water ecotones, whose natural condition is determined by two principle 
forces: flood regime and channel stability (Large and Petts, 1996). They provide a well 
preserved record of their physical and biological history, which can be utilised to measure 
the range of naturally occurring variation and hence provide the baseline from which the 
measurement of anthropogenic influences can be taken. Brown (1996) gives the following 
reasons for undertaking the reconstruction of river floodplains: 
• To infer past processes offormationlevolution; 
• To elucidate the effect of past environmental changes on these processes; 
• To defme intrinsic controls on processes and boundary conditions for hydraulic 
models; and 
• To reconstruct past ecologies, ecological change, bioclimatic conditions, land use 
and settlement history (Brown 1996, p95). 
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The study of floodplains is, therefore, interdisciplinary in nature and their sediments have a 
multiplicity of uses. Floodplains are complex environments with an assemblage of 
landforms such as bedforms and bars, levees, banks and benches, oxbows, scroll bars, 
backswamps and crevasse-splays (Figure 2.1, Brown, 1996). 
Ridge & IWlIttJ 
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Figure 2.1 A meandering riverfloodplain and associated landforms (Brown, 1996 p.96) 
2.3 Insects as paiaeoenvironmentai proxies 
Subfossil insects are found, often in abundance, in a variety of Quaternary sediments from 
fluvial silts and sands, to lakes and peat bogs. In a non-oxidizing aquatic environment 
disarticulated insect parts or sclerites will be found, still preserving their original colours 
and even delicate structures such as hairs. Included in the list of insects found are bugs 
(Hemiptera - Homoptera), a range of two winged flies (Diptera) such as non-biting midges 
(Chironomidae), caddisflies (Trichoptera), stink bugs (Pentatomidae), seed bugs 
(Lygaeidae), leaf hoppers (Cicadelidae), bees (Apidae), ichneumons (Hymenoptera), 
dragonflies (Odonata), water striders (Gerridae), shore bugs (Saldidae), water boatmen 
(Corixidae), backswimmers (Notonectidae) and beetles (Coleoptera) (Coope, 1986). Mites 
(Arachnida) and ants (Formicidae, Arachnida) have also been investigated (Elias, 1994). 
The sheer abundance of fossil groups allows a great variety of information to be recorded. 
The robustness of the chitinous exoskeleton means that detailed structures are preserved 
allowing species level identification, using modern guides and reference collections in 
many instances. 
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2.3.1 Coleoplera (Class Insecta: Order Co/eoptera) 
There are approximately 300 000 known species of beetle in the world (see Plate 2.1), with 
3800 named species from Britain (Elias, 1994; Coope, 2004). Beetle subfossil remains in 
Pleistocene deposits have been studied since the late 19th century. From the early works of, 
Samuel Scudder in 1877, the preserved remains of adult Coleoptera were first thought to 
represent extinct species (Elias, 1994). 
Plate 2.1 . Saharan beetle - Steraspis sp. (Family: Buprestidae) 2006 
Scale =1cm (approx) (Photo courtesy of Mike Shepherd) 
More recently, workers have re-identified the specimens as representing extant species. 
Most notable in thi s field is the work of Prof. G. Russell Coope who has published over 
100 academic papers since his initial studies at Upton Warren in 1961 , and Quaternary 
entomology owes much to his groundbreaking research (Coope et a I. , 1961). The first 
research was largely undertaken in Western Europe or North America but more recently 
studies have been undertaken in Japan, Australia and New Zealand with Siberia and 
Kazakhstan under investigation (Elias, 2006). 
Ecology and pa/aeoecology 
Beetles occupy a wide range of habitats including terrestrial, inter-tidal and freshwater 
environments (Lowe and Walker, 1997) and have been developed as indicators of 
biodiversity (Sanchez-Fernandez, 2006). The Coleoptera have a four stage life-cycle 
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(Figure 2.2) with egg, larval , pupal and adult stages. Both adults and larvae can be either 
aquati c or terrestri al however aquatic Coleoptera have aquatic larvae. Some also show 
preferences for particular temperature ranges (stenothermic), habitats or substrates and 
hence are valuable palaeoecological indicators of Quaternary environments (Elias, 1994). 
Long term genetic stability has been inferred from the compatibility of faunal assemblages 
seen over time and the morphological consistency seen in their exoskeletal features . This 
evidence is paradoxical in that despite climatic instability, which would be expected to 
precipitate speciation; insect species demonstrate remarkable stability throughout the 
Quaternary despite evolutionary pressures, possibly by frequent mixing of the populations 
as migrations occurred with climate change (Coo pe, 2004). Recent studies of anc ient DNA 
hold the promise of providing new insights into the stability of beetle genotypes (Elias, 
2006). Insect species have been shown to shift their di stributions dranlatically in response 
to changing climatic conditions (Coope, 2002; Coope et al. , 1998); for example Aphodius 
holdereri, now only found in the Himalayas, was found in Britain during glacial interva ls 
(Coope, 1973). 
o 
Ufecycle 
o 
Pupo 0 
Figure 2.2. Aquatic coleopteran life cycle. 
(Source: http://www.sparsholtschoolcentre.org.uk) 
Palaeoteltlperature illdicators 
The majority of the past work on Coleoptera has concentrated on establishing a temperature 
scale for the Quaternary. The concept of the Mutual Climatic Range method (MCR) was 
developed in 1982, as a quantitative method of analysing palaeoclirnatic information from 
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fossil insects (Atkinson et al. , 1986). The method only uses temperature information for 
those species with known contemporary geographical ranges and which are scavengers or 
predators, and hence unaffected by changing vegetation. Calculation of the overlapping 
temperature range envelopes gives an indication of the maximum summer air temperature 
(T Max), air temperature of the coldest month (T Min) and temperature range between 
warmest and coldest months (T Range) . 
Mutual Climatic Range 
Spt:c i s I 
Spcc ies Z 
• Spec ies ' 
.. 'spec ies n 
- T Range ~ 
'" 
Figure 2.3 The Mutual Climatic Range - blue arrows show the T Max, T Min and T Range values 
for three species with overlapping climate envelopes 
(Buckland and Buckland, 2006) 
This provides a quantitative degree of seasonality to the resulting data (Elias, 1994), 
(Fig.2.3). When combined with linear regression to correct for overestimation of T Max 
and T Min values, this method has produced an estimate of rapid temperature variations 
over the Quaternary period and is widely used in palaeoclimatic reconstructions (Coope et 
al. , 1998). 
Uses of Coleoptera in paLaeoecology 
An established method for extraction of adult beetle sclerites has been in use for many 
years (Coope, 1986), although details of its use vary between workers in the fie ld. This 
method is cheap and easy to use, relying on the adhesion of paraffin to insect chitin and 
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subsequent floatation in water. Extracted beetle sclerites can then be readily identified by 
comparison with modem collections (Plate 2.2). Fluvial deposits have been demonstrated 
to contain the sclerites of coleopteran larvae (Greenwood pers.comm.) but these are not 
found in significant numbers for palaeoentomological purposes. 
Beetles have been found throughout Quaternary deposits in both glacial (Coo pe and Talion, 
1983) and interglacial environments (Murton et al .. 200 I). Subfoss il coleopteran remains 
have been found in all areas of the world from NE Greenland (Bocher, 1995) to New 
Zealand (Marra, 2003) and a weevil has even been found in Antarctica (Ashworth et al. . 
1997). Coo pe (200 I) suggests that it is possible to di stinguish different interglacial 
episodes (Marine Isotope Stage 5e and 7) on the basis of their coleopteran fauna and they 
have also been successfully used to identify and quantify the rapid temperature changes 
over the Pleistocene - Holocene transition (Coope et al. , 1998). 
Head ---
Thorax 
Elytra 
Plate 2.2. Modern Ca/athus rotundicol/is Dej . (Left. photo - L Howard) with fossil sclerites of 
Diacheila polita Fald. (Right - Photo - DP Schwert and AC Ashworth) 
A great variety of research has focused on possible evidence for climatic change in the 
Holocene (Howard et al. , 2000b). Dinnin and Sadler (1999) provide a useful overview of 
changes in the Holocene entomofauna of the British Isles, identifying several different 
landscape 'phases' in relation to palaeobotanical evidence. Beetles can be good indicators 
of the changing arboreal environment and hence used as indicators of de-forestation, or 
changes in agricultural practices (Howard et al. . I 999a; Buckland and Sadler, 1985). In 
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archaeological contexts, Coleoptera have been utilised to record the effects of human 
impact on the landscape during the mid Holocene (Buckland, 1979). A discussion of the 
rural origins of so-called urban fauna is given by Kenward and Allison (1994) and an in 
depth analysis of the coleopteran fauna on farms by Smith (2000b). Species, whose known 
ecological associations are with cereals, pasture land or herbivore dung, have been used as 
evidence to substantiate inference of past agricultural and pastoral activities (Buckland 
1981 ; Panagiotakopulu and Buckland, 1991). Recent evidence has shown insects faunas 
associated with the earliest known occupation sites in Britain (Coope, 2006). 
In the field of palaeohydrology, beetle faunas were first used in an archaeological context, 
as indicators of riverbed conditions, such as in the Bronze-Age Avon (Osborne, 1988). 
Smith and Howard, (2004) used beetle faunal association groups to characterize the 
discharge rates of low gradient alluvial systems. However, with the exception of the 
Elmidae and a small number of Dytiscidae, most Coleoptera are associated with slow 
flowing or still water, thus limiting their usefulness as indicators of palaeobydraulic 
conditions on their own (Greenwood et ai. , 2006). A comprehensive summary of papers 
utilising Coleoptera for palaeoecological investigations can be found at 
http://www.bu!l.s2000.orglgbib.html . 
2.3.2 TricllOptern (Class Insecta: Order TricllOptera) 
The Trichoptera are currently underutilised as palaeoenvironrnental indicators (Greenwood 
et ai. , 2003), and there have been relatively few papers published on subfossil Trichoptera 
larvae over the last decade (see Table 2.3). Although much of the recent insect-based 
palaeoecological work has concentrated on Coleoptera, the frontoclypeal apotome of the 
Trichoptera larvae (Plate 2.2) are readily picked out from paraffin floats and can be 
identified by comparison with reference collections and modern identification guides. The 
characteristic patterning and setal pores patterning can also be found in the subfossil 
remains and identification can be taken to species level in many cases by distinct 
characteristics based on both size and shape (Plate 2.2). A proposed system of setal 
nomenclature for the Trichoptera is di scussed in Wilkinson and Wiggins (1981 a). The 
larval sclerites are robust enough to be well preserved and identifiable but would be 
destroyed if considerable transport or reworking had occurred (Williams, 1988). 
The modern distributions of Trichoptera in the UK are known and published in Hickin 
(1967) and Wallace (1991), as well as in the identification keys produced by the Freshwater 
Biological Association (Wallace et al. , 2003; Edington and Hildrew, 1995). 
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Plate 2.3 Frontoclypeal apotome of Limnephilus stigma from the River Soar 
Sca le = O.5mm 
(L. Howard) 
Trichoptera therefore have several advantages as palaeoenvironmental indicators; 
• Sensitivity to variables such as flow and water quality, 
• Well preserved and identifiable chitinous frontoclypea l apotome, 
• Mobility of adu lts, 
• Abundant in lacustrine and fluvial sediments, 
• Representative of local populations (little transport of remains), 
• Modern di stributions and associations are well known and documented. 
Life cycle and ecology 
Trichoptera are abundant and diverse in their di stribution and are found in a wide variety of 
freshwater and brackish habitats (Feio et al., 2005). Over 9500 species have been described 
worldwide, consisting of 45 fam ilies and 600 genera (Morse, 1997) and 196 taxa are listed 
as recorded in the UK (Wallace, 1991). Trichoptera have a four stage life cycle with egg, 
larval, pupal and imago stages. The larval stage includes multiple instars (usually 5) with 
up to 7 or 8 in some fam ilies. Moulting or ecdysis occurs between instars as the insect 
grows, therefore each stage can potentially provide a subfossil fragment. Sclerites of the 
head and thorax are chitinous and are preserved in aqueous anaerobic environments such as 
lakes and palaeochannels (Figure 2.4). As the smaller instars contain proportionately less 
chitin, it is more likely that the larger instars will be preserved and final instar sclerites can 
often be found inside the pupal cases (Williams, 1988). The Trichoptera are good indicators 
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of in stream environmental conditions as many taxa are highJy adapted to specific 
tolerances of biotic and abiotic factors such as temperature, flow and predation, within their 
environment (Wiberg-Larsen et al. , 2000). 
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Figure 2.4. Illustration of the chitinous trichopteran sclerites of the head and thorax. 
(Williams, 1988 p. 493) 
TricJlOptera in pa/aeoecologica/ studies 
Early studies by Williams (! 987; 1988) used subfossil Trichopteran remains as indicators 
of in stream conditions, relating the species found, by use of modem analogues, to variables 
such as flow, benthic conditions and vegetation. Recently Greenwood et al. , (2003) have 
used subfossil Trichoptera larvae to characterise the Late Glacial River Trent, and for 
palaeotemperature reconstruction. Micrasema setiferum (Brachycentridae) is no longer 
found in Britain and is characteristic of Scandinavian rivers, thus indicating a lower overall 
temperature during the Late Glacial. Unfortunately no transfer functions have been 
developed for thi s group, so a separate version of the mutual climatic range was used to 
predict average temperatures. 
In Norway, in a multi proxy study of Krakenes lake, Solem and Birks (2000) recorded 
species over the Late glacial to Holocene transition and noted temperature related effects 
on the subfossil Trichopteran remains present. The sequence represented the period from 
12300 to 8850 14C BP. An initial cold stenothermic Limnephilid fauna was replaced at 1I 
400 BP by thermophilous Polycentropus flavomaculatus and Limnephilus rhombicus, 
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suggesting summer water temperatures of around 17°C. A temperature decline of 5-8°C 
was then indicated by the presence of Apatania zonella, an arctic-alpine species, during the 
Younger Dryas. This was again replaced by thermophilous species, as the Holocene 
progressed. 
River assemblages of Trichoptera larvae appear to be more sensitive to environmental 
change than lake assemblages that are thermally buffered (Williams and Eyles, 1995). 
There is also some evidence of Trichoptera ' relicts ' i.e. that they are not as mobile in 
response to climate change as beetles and that the rate of response of caddis may vary 
according to conditions (Williams 1987; 1989). Some fluctuations in species diversity and 
fossil abundance in Trichoptera have been shown to relate to changes in depositional 
environment as recorded by sediment facies (Williams and Eyles, \995). Other occurrences 
of subfossil Trichoptera in the scientific literature include the use of preserved nets of 
caseless caddis as palaeocurrent indicators in tufa sediments (Drysdale et al. , 2003) and 
notes have been made of larval cases (Family Hydroptilidae) being mistaken for seed pods 
(Bennike and Wiberg-Larsen, 2002). 
Utilisation of trichopteran remains in the Trent catchment 
An example of the utilization of the information from Trichoptera in the Trent catchment is 
the study of a site containing multiple palaeochannels at, Hemington Quarry, 
Leicestershire, which is only a few kilometres downstream of Aston-on-Trent. This 
multiproxy study was undertaken in collaboration with the University of Leicester 
Archaeological Service (ULAS). Extensive investigations into palaeochannels (Late 
Glacial, Late Neolithic, Late Bronze Age and Medieval) have been undertaken at 
Hemington with much valuable palaeoecological information extracted (Beamish et ai. , 
2002). The insect remains, and particularly Trichoptera larvae have been used to provide 
evidence of flow rates and water conditions and the Lateglacial deposits have been 
analysed for signs of climate change (Greenwood et al. , 2003). Insect remains also give 
indications of the flora present - both instream and riparian. There is evidence of change in 
the caddis fauna associated with successional changes in vegetation as the channels were 
filled. This must be carefully distinguished from any evidence of climate change which 
may be found. Use of the information from loss on ignition and sediment analysis can help 
distinguish the processes of channel infill unrelated to climate change (Greenwood et ai. , 
2006). 
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Table 2.2 Papers using trichopteran remains for palaeoecological interpretations, in chronological order 
AUTHOR DESCRIPTION 
MOSELEY (1978) A preliminary report on Quaternary fossil caddis larvae. 
WlLKlNSON and An analysis of the Quaternary sub-fossil Trichoptera larvae from a site in the English Lake District 
WIGGINS (198 Ib) 
CASTELLA el aI. , (1984) Macroinvertebrates as 'describers' of morphological and hydrological types of aquatic ecosystems 
abandoned by the Rhone river 
WILKINSON (1984) An overview of the interpretation of past envirolUnents from sub-fossil caddis larvae 
ELlAS & WILKJNSON Foss il assemblages of Coleoptera and Trichoptera at Lobsigensee 
(1985) 
BOURNAUD el al., (1987) Ecological aspects of the effects of seasonal and hydrological influences on the macroinvertebrates of the 
Rhone river, France. 
WILLlAMS (1987) A review of the progress in the use of caddisflies in Quaternary palaeoecology. 
WILLlAMS (1988) The use of caddisflies (Trichoptera) in palaeoecology 
KLINK (1989) A Palaeoecological analysis of the Lower Rhine 
WILLlAMS (1989) Factors affecting the interpretation of caddisfly assemblages from Quaternary sediments 
SCHARF (1993) Ostracoda (Crustacea) and Trichoptera (Insecta) from late- and postglacial sediments of some European 
Maar lakes. 
WILLlAMS and EYLES Notes on sedimentary and palaeoclimatic controls on caddisfly (lnsecta:Trichoptera) assemblages during 
(1995) the last interglacial -to-glacial transition in Southern Ontario 
SOLEM and BIRKS (2000) An analysis of Late-Glacial and early-Holocene Trichoptera (Insecta) form Knlkenes Lake, western 
Norway 
PONEL et aI. , (2001) Insect evidence of the Late-glacial and Holocene high altitude envirolUTIental changes in Vallee des 
Merveilles (Alpes-Maritimes, France) 
~---------------------------------------------------------------------------------- --- ---
WIBERG-LARSEN et al. An examination oftrichopteran remains from early Holocene river deposits in the Great Belt, DelUnark 
(2001) 
BEAM ISH. et aI. , (2002) The Late Glacial , Neolithic, Bronze Age and medieval environments from Hemington Quarry, Castle 
Donnington, Leicestershire 
BENN1KE and WlBERG- A record of seed-like hydroptilid larval cases (Insecta: Trichoptera) from Holocene freshwater deposits 
LARSEN, (2002) 
COOPE et al. (2002) Palaeontology and biostratigraphy of middle Pleistocene river sediment in the Mathon member at Mathon, 
Herefordshire, England 
SOLEM and B1RKS (2002) An examination of climate change information from Trichoptera in Late Glacial and early Holocene 
deposits from Kriikenes Lake Western Norway 
DRYSDALE et ai. , (2003) Larval caddi s-f1y nets and retreats used as a unique biosedimentary palaeocurrent indicator for foss il tufa 
deposits 
GREENWOOD et aI., The use of caddisfly fauna (Insecta:Trichoptera) to characterise the Late-Glacial river Trent, England 
(2003) 
WH1TTlNGTON, et aI. , A multiproxy study of Devensian late-glacial and Holocene environmental records at an Atlantic coastal 
(2003) site in Shetland 
RUMES et al. (2005 ) The Representation of aquatic invertebrate communities in sub fossil death assemblages sampled along a 
salinity grad ient of western Uganda crater lakes 
WOODWARD and A Holocene record of human induced and natural environmental change from Lake Forsyth (Te SHULMEISTER (2005) Wairewa), New Zealand 
GREENWOOD et a/., Reconstruction of flow environments of the River Trent using caddisfl y assemblages 
(2006) 
Table 2.2 contin ued 
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2.3.3 C"ironomidae (Class Insecta: Order Diplera: Family C"ironomidae) 
The Chironomidae (non-biting midges) have been used in studies of palaeoenvironments 
since the 1920s and faunal changes were initially linked to changes of trophic status or 
water depth in lakes (Brodersen and Lindegaard, 1999; Brodersen el aI. , 200 I ). With the 
development of palaeotemperature inference models in the early 1990's they became fully 
exploited as valuable indicators of palaeocl imate (Brooks, 2006). 
They have several advantages as palaeoenvironmental indicators, many of which are shared 
by the Trichoptera: 
• Sensitivity to variables such as disso lved O2 and July air temperature; 
• Short li fe cycles; 
• Mobil ity of adults; 
• Well preserved and identifiable chitinous head capsules and 
• Abundant in lacustrine and fluvial sediments. 
(Adapted from Porinchu and MacDonald, 2003 p.3 79) 
Ecology and Life cycle 
The larvae of the Chironomidae are found In a great variety of aquatic environments 
worldwide from Antarctica to the tropics with as many as 15 000 species worldwide and 
around 500 in the UK (Armitage et al. , 1995). They are fTequently the most abundant insect 
found in freshwater ecosystems (Cranston, 1982). There are ten subfamilies of which only 
five are common in freshwater ecosystems, incl uding the Chironominae (Chironomini and 
Tanytarsini), Tanypodinae, Prodiamesinae, Diamesinae and Orthocladiinae (Wiederholm, 
1993). Their ecological distributions are affected by a range of factors such as temperature, 
pH, salinity, 0 2 levels and they are good indicators of water quality (Armitage el al., 1995; 
Saether, 1979). Substrate, from solid bedrock to soft sediment (sand and si lt), is also an 
important fac tor in community composition and distribution (Porinchu and MacDonald, 
2003). Submerged macropbytes and wood have also been shown to increase available 
habitat and have a positive influence on abundance and diversity of taxa (Verschuren et aI. , 
2000) and both the Orthocladiinae and Chironominae have been demonstrated to be wood 
and plant tissue miners (Armitage et aI. , 1995). 
The Chironomid life cycle has four stages, three of which are aquati c, as with the 
Trichoptera (Figure 2.5). Tbese consist of egg, larva, pupa and imago. The larval stage, 
which constitutes the majority of the life cycle, may consist of four instar stages, shedding 
the exoskeleton (ecdysis) in between stages. In temperate regions this cycle normally takes 
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a year but may take several in higher latitudes (Oliver, 1971). Only the remains of the third 
and fourth instars are well preserved in sediments as they contain greater concentrations of 
chitin (Ruiz et aI. , 2006). 
AIR 
Adult 
Eggs Pupae 
\ Head capsule 
f 1st /? 
H 2nd / 
3rd 
Larvae 4th instar 
WATER 
Figure 2.5 The Chironomid life cycle 
(Modified from Brodersen and Anderson , 2000; Ruiz et aI. , 2006) 
Cllironomids in lacustrine sediments 
The larvae of the Chironomidae have proved a useful palaeoclimatic tool in many 
lacustrine studies (porinchu and MacDonald, 2003). Many recent studies have examined 
environmental change, particularly temperature (see Table 2.3). 
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Table 2.3 A selection of recent papers with palaeoclimatological investigations utilising Chironomidae, in chronological order. 
Author Title/Subject 
WALKER el a/. , (1987) Use of Chironomidae (Diptera) to define postglacial climate at Marion Lake, British Columbia, 
Canada. 
WILSON (1987) Chironomid communities in the Ri ver Trent in relation to water chemistry 
CWYNAR and LEVESQUE Chironomid evidence for Late-Glacial cl imati c reversals in Maine, USA 
(1995) 
BROOKS el ai. , (1997) Chironomid-based Late glacial climatic reconstruction for southeast Scotland 
LOTTER el al. , (1997) Modem diatom, cladocera, chironomid and chrysophyte cyst assemblages as quantitative indicators for 
the reconstruction of past environmental conditions in the Alps. 
BROOKS and B1RKS (2000) Chironomid-inferred Late glacial air temperatures at Whitrig Bog, southeast Scotland 
BATTARBEE et al. (2001) Evidence fo r Holocene climate variability from the sediments of a remote Scottish mountain lake 
BROOKS and BJRKS (2001 ) Chironomid-inferred air temperatures from Late glacial and Holocene sites in north-west Europe. 
GANDOUJN and FRANQUET Late Glacial and Holocene chironomid assemblages in ' Lac Long Inferieur' (southern France 2090m): 
(2002) palaeoenvironmental and palaeoclimatic implications 
KORHOLA el ai. (2002) Holocene temperature changes in northern Fennoscandia reconstructed from chironomids using 
Bayesian modeling 
MASSAFERRO and BROOKS Response of chironomids to Late Quaternary environmental change in the Taitao Peninsula, southern 
(2002) Chile 
MARSHALL el al., (2002) Using calibration and comparison ofpalaeotemperature proxies to examine climatic osc illations in a 
high resolution Late-Glacial isotopic record from Haweswater, NW England 
BROOKS and BIRKS (2003) The dynamics of Chironomidae (Insecta: Diptera) assemblages in response to environmental change 
during the past 700 years on Svalbard 
HEIRl et al. (2003) Effects of within- lake variability offossil assemblages on quantitative chironomid-inferred 
temperature reconstruction 
KUREK, et aI., (2003) The 8200 cal yr BP cooling event in eastern North America and the uti lity of midge analysis for 
Holocene temperature reconstructions 
PORlNCHU and A summary of the uses of Chironomidae in geographical research 
MACDONALD (2003) 
DAL TON et al. (2004) A multi-proxy study of lake-development in response to catchment changes during the Holocene at 
Lochnagar, north-east Scotland 
LANGDON, et al., (2004) Reconstructing climate and environmental change in northern England through chironomid and pollen 
analyses within Talkin Tarn, Cumbria, UK 
LAROCQUE and HALL Holocene temperature estimates and chironomid community composition in the Abisko Valley, 
(2004) northern Sweden 
VELLE et al. (2004) Chironomids as a tool for inferring Holocene climate based on six sites in southern Scandinavia 
WOOLER et al. (2004) Quantitative palaeotemperature estimates from &0 18 of chironomid head capsules preserved in arctic 
lake sediments 
GANDOUIN et al. , (2005) Use of Chironomids for (Diptera): for palaeoenvironmental reconstruction in river floodplains 
LAROCQUE and BIGLER Similarities and discrepancies between chironomid and diatom-inferred temperature reconstructions 
(2005) through the Holocene at Lake 850, northern Sweden 
WOODWARD and Use of Chironomidae to deduce a Holocene record of hwnan induced and natural environmental 
SHULMEISTER (2005) change from Lake Forsyth (Te Wairewa), New Zealand 
BROOKS (2006) The use of subfossil midges as palaeoclimatic indicators for the Eurasian region 
Table 2.3 continued. A selection of recent papers with palaeoclimatological investigations using Chironomidae, in Chronological order. 
Chironomid communities have been shown to respond to a wide variety of environmental 
variables such as salinity, dissolved oxygen, and nutrients, but recently developed transfer 
functions suggest air temperature as the best variable explaining chironomid distribution 
(Langdon et al., 2004). Rapid responses to climatic changes from the Late Glacial through 
to the Holocene have been demonstrated in Scandinavia, France and Switzerland (see Table 
2.3). Little work has been undertaken on sediments in the U.K., with the exception of 
studies in the Lake District and Scotland (Langdon et ai. , 2004; Brooks and Birks, 200 1). 
By using ' training sets' of modem examples, estimates of past mid July air temperatures 
have been establ ished in Canada, Norway, Switzerland and Finland for records back to the 
last glacial (around II SOOyears). They have been used in other countries as far as Chile 
and Australia and even used for dating lake sediments by 14C AMS (Fallu et al. , 2004). 
There is some controversy as to whether Chironomids can be used for inferring past air 
temperatures, particularly during the Holocene where temperatures variations are of a 
smaller scale, and some workers suggest other environmental variables such as pH, water 
chemistry and lake productivity may have had more influence in Chironomid distribution 
(Velle el al. , 2005). However, in a study contrasting chironomid and diatom inferred 
temperatures through the Holocene at a lake in Sweden, the Chironomidae were more 
responsive to temperature change than the diatoms, which were thought to be affected by 
other factors such as lake water pH and the predicted temperatures compared well with 
those from pollen, plant macrofossi Is and oxygen isotope analysis (Larocque and Bigler, 
2004). 
ChirOllomids ill riverille sedimellts 
Chironomid head capsules had been noted in early studies of Coleoptera (El ias, 1994) but 
not thought to be quantitatively useful in river sediments. As this study wil l show, there are 
actual ly more chironomid heads present than beetle elytra in some sediments and they float 
readily in paraffin with coleopteran and trichopteran subfossil remains. A recent study 
linking river chironomid assemblages with past hydrological changes and palaeoflood 
periodicity examined Chironomidae from flood plain sediments and cut off channels of the 
rivers Rhone and Garonne in southern France (Gandouin et ai. , 2006). The chironomid 
Genera identified were classified according to their hydrological preferences and compared 
to a palaeoecological set from the Saint-Omer basin in northern France. This indicated that 
river chironomid assemblages could be used as descriptors for alluvial habitats and hence 
as a tool for evaluating the connectivity with the main river channel during floods. 
26 
Extraction and processing 
Chironomid larvae subfossil s are easily extracted from lake sediments and onl y require a 
very small sample of less than I cm) to provide a statistically signifi cant number of head 
capsules, around 50 to 100 (Qui nlan and Smol, 2001). They can thus be sampled from lake 
cores at 1cm intervals or less, giving high precision resolution on a time scale of 10's of 
years. Sampling down to 0.1 cm thickness, using a microtome has been attempted (Cocquyt 
and Israel, 2004). The extraction process is well establ ished and invo lves treating at 70 °C 
with KO I-I and sieving at 90 and 212f.lln (Hofmann, 1986). This is fo llowed by hand 
picking of head capsules from a Bogorov sort ing tray, mounting and identi fy ing them from 
features of the mentum and setae. Compari son with current identification guides such as 
Wiederholm (1983), Cranston (1982) and Rieradevall and Brooks (200 1) and Brooks et ai. , 
2007, enables the identification of most specimens to sub-family and many to species level. 
Plate 2.4 Chironomid larval head capsule - Prodiamesa sp. (L. Howard) Magnification x 400 
The use of ultrasound for clearing the head capsules of sediment has been investigated by 
Lang et ai. , (2003) and increases the relative abundance of small capsules extracted. 
Despite the presence of many non-temperature specific species and the diffic ul ties of 
precise identification, Chironomidae have proved useful tools in the palaeoecological 
armoury and are good indicators of other water conditions such as trophic status, salinity 
and acidi fication (Walker, 200 1). They have recently been assessed fo r use in the field of 
archaeo logy in a range of depositional environments - a crannog, a palaeochannel and a 
Roman well deposit and can show additional indications of human activity (Ruiz et al. , 
2006). 
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2.4 Modernjluvial environments 
Factors affectif/g macroif/vertebrate distribution 
It is clear from many studies, that stream ecology is affected by many physical and 
biological factors. The chemistry of the water varies with both geology and climate. 
Seasonal variations in discharge may affect ion content, particularly where vegetation has 
been removed, although in the UK the stream chemistry remains relatively constant (Allan, 
1995). Physical factors such as substrate, temperature and flow velocity all affect the 
distribution of the biota in the channel, at a variety of temporal and spatial scales (Wiberg-
Larsen el ai. , 2000). Diversity and abundance in faunal assemblages increases with 
substrate stability and organic matter (Allan, 1995) and Wiberg-Larsen el ai. , (2000) states 
that Trichoptera species richness in Danish streams is positively correlated with stream 
order, slope and width. 
Substrate is defined by both the local geology (sediment supply) and flow velocity. The 
substrate can be uniform but more usually forms patches within the channel, with the 
volume of organic matter present varying, from pools filled with leaf litter, to riffles with 
pebbles and boulder beds and even exposed bedrock. Fauna characteristically have 
preferences for particular substrates (All an, 1995). For example, the cased caddis, Molaf/na 
anguslala (Family: Molannidae), is typically found where a sandy or light gravel substrate 
occurs from which it constructs its case (Hickin, 1967). No statistically significant 
relationship between geology and the distribution of macroinvertebrate fauna was found in 
the River Frome, Dorset (Cannan and Armitage, 1999). 
Temperature is an important control on species distribution and will vary both daily and 
with both climate and elevation. Smaller streams may be affected by riparian shading and 
inputs from groundwater can have marked effects; species assemblages of Trichoptera vary 
between forested and non forested stream sites in Denmark (Wiberg-Larsen el ai., 2000). 
Temperature is, however, less important in lowland rivers than stream size, as there is less 
thermal buffering in streams and rivers than in lakes (Wiberg-Larsen et ai. , 2000). 
Stenothermic species may be restricted in range by temperature and adaptations to their life 
cycle. This may be apparent during the cycle where temperature triggers egg development 
and hatching and influences body size (Allan, 1995). 
In clean, pristine rivers, oxygen levels are not normally a limiting factor on the type of 
species present but are often related to flow, temperature or substrate conditions. 
Decomposition of organic matter reduces oxygen content of water as does a combination of 
low flow rates and increased temperature which may have important local effects (Roux et 
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ai. , 1992). The presence or absence of riparian vegetation and instream macrophytes is al so 
important to the invertebrate community di stribution (Wiberg-Larsen et ai. , 2000). The 
trichopteran Family Limnephilidae for example, are dependent on plant litter derived from 
overhanging trees and emergent vegetation as a primary food source, together with li ving 
plants and algae and the larvae of the Beraeidae are al so found amongst dense vegetation 
and roots in marshes and at the edges of streams and rivers (Wall ace et ai. , 2003). 
2.4.1 The effect offlow rates on tricllOpteran distribution 
Trichopteran taxa are known to be associated with distinct hydraulic conditions and flow is 
considered to be a primary determinant of di stribution within rivers (Greenwood et al., 
2006). In British rivers there is a marked downstream sequence of species di stributions in 
the families Hydropsychidae, Polycentropodidae and Psychomyiidae, all caseless 
caddisfli es. Hydropsychid Trichoptera di splay preferences for specific flow rates. 
Hydrop5yche contubernalis, for example, utilizes a current of 15 cm S·I whereas 
Hydropsyche si/talai, an inhabitant of headwaters, prefers 40 cm s·'- Rhyacophila dorsalis 
(Famil y: Rhyacophilidae) attaches itself to substrate surfaces in clean fast fl owing water at 
current speeds of 80-90 cm S· I (Edington and Hildrew, 1995). Most of this behaviour is 
linked to the carnivorous nature of the taxa and their ability to catch prey by constructing 
nets within flowing water. In the fast flows, suspension feeders use nets to catch prey and 
members of the Family Hydropsychidae have specific preferences for food such as 
Daphnia or detritus (Edington and Hildrew, 1995). 
Ln the family Polycentropodidae, the microdistribution of taxa is primarily related to water 
velocity. Plectrocnemia compersa or P. geniculata are normally found in headwaters, 
replaced downstream by Polycentropus j lavomaculatus and Cyrnus trimaculatus in the 
lower reaches. Cyrnus jlavidus, C. insolutus and Holocentropus dub ius appear to be totally 
restricted to still water (Edington and Hildrew, 1995). The effect of a range of near stream 
bed flow velocities on cased caddis (Potamophylax latipennis) was investigated in the 
artificial environment of a flume and found to affect dispersal (Lancaster et ai. , 2006). 
Some species use a variety of adaptations such as attachment cases and dorso-ventral 
fl attening to secure their position. Trichoptera larval cases may also act as camouflage 
against predators (Giller and Malmqvist, 2002). Many members of the Limnephilidae 
(L imnephilus decipiens, L. stigma and Anabolia nervosa) and Phryganeidae (Trichostegia 
minor, Agrypnia pagetana and Phryganea grandis) which are cased Trichoptera, are 
restricted to slow flowing or still (Ientic) waters (Edington and Hildrew, 1995). 
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2.5 Relating the macroinvertebrate community to flow 
The LIFE methodology 
The Lotic-invertebrate Index for Flow Evaluation (LIFE) was devised as a means of 
relating benthic macroinvertebrate communities to prevailing flow regimes (Extence et al., 
1999). The methodology utilises established survey methods for assessing the impact of 
variable flows on benthic invertebrate populations, with a view to setting hydrological 
objectives in river management applications and relies on the principle that many 
freshwater invertebrates have precise requirements for particular fl ow ranges and hence 
certain taxa may be used as indicators of existing flow conditions (Extence et al. , 1999). In 
addition to these qualitati ve responses, quantitati ve responses have been recorded. In slow 
fl ow environments many taxa increase in abundance as flow declines, whereas in faster 
flows, the opposite occurs (Moth Iversen et al., 1978). Changes in fl ow patterns may result 
in a direct effect on community structure or be indirectl y affected by associated habitat 
change (Extence et al., 1999). Prior to the LIFE methodology there had been few attempts 
to link changes in the hydrological regime with changes in the invertebrate communi ty 
structure, with the possible exception of the water quality index - Average Score per Taxon 
(Chesters, 1980) and the River Invertebrate Prediction And Classification System 
(RJVPACS) methodology (Wright et al., 1984). However, neither of these methodologies 
provided a comprehensive flow assessment method and both were principally concerned 
with organic pollution (Extence et al., 1999). 
The LIFE methodology was tested primarily UStng data from fi ve geographically and 
geologically di stinct rivers in England; the Kennet, the Lark, Waithe Beck, the Derwent 
and the Wreake, incorporating both permeable and impermeable catchment areas across 
England. Sampling methods for macroinvertebrates were deri ved from standard 
Environment Agency protocols (Murray-Bligh, 1999) at riffl e sites using a 3 minute 
kick/sweep net sample. Commonly identified taxa, including the insect orders Coleoptera 
and Trichoptera, were assigned to one of six flow groups using information from an 
extensive range of available texts and in conjunction with the professional experience of 
freshwater biologists. The flow groups are shown in Table 2.4 below with typical mean 
current velocities (Extence et al., 1999). Where species data were not available, family 
level associations were defined, but the Chironomidae and Oligochaeta were excluded due 
to their Ubiquitous nature and lack of a definiti ve relationship with flow at the available 
level of taxonomic resolution. 
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- , 
1 ~" 1 1 1 
I Rapid flow > 100cm 5- 1 
II Moderate to fast flows 20 - 100 cm s-' 
III Slow or sluggish flows < 20 cm s-
IV Slow and standing waters -
V Standing waters -
VI Drying or drought -
impacted sites 
Table 2.4 LIFE Scores (fs) for different abundance categories associated with flow groups. 
The LIFE index itself is calculated using the individual taxon flow scores and a measure of 
the abundance for each taxon. These scores (Is) are derived from standard Environment 
Agency abundance categories and a table of values combining the defmed flow group and 
abundance categori es is given below (Table 2.5). The final index is calculated f rom the 
sum of individual taxon scores according to the fo llowing equation: 
LIFE = (1:,fs)ln 
Where n is the number oftaxa used in the sum andfs is the flow score for each taxon. 
1 : 1 • 1 ~I 
A B C D/E 
(1 -9) (10-99) (100-999) ( 1000-9999, 
10000+) 
I Rapid 9 10 11 12 
II Moderate/fast 8 9 10 I1 
III Slow/sluggish 7 7 7 7 
IV Flowing/standing 6 5 4 3 
V Standing 5 4 3 2 
VI Drought resistant 4 3 2 I 
Table 2.5 Flow groups, ecological associations and current velocities (LIFE methodology) 
Since river flow can be expressed in numerous ways, and flow dynamics affecting the 
community structure vary spatially (downstream), and temporally, in any given river, 
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Extence et al. , ( 1999) devised a computer analysis method for correlating flow paranleters 
with the community structure. LIFE values were compared with; 
• Flow statistics (mean flow, maximum flow etc.) 
• Flow duration (number of days) 
• Flow period e.g. Full year, March-October. 
Pearson corre lation or Spearman rank-order correlations were used to explore the data and 
the key flow variables were found to vary between different river types. Summer flows 
were the most significant factors in affecting chalk and limestone streams, whereas those 
draining impermeable catchments were more influenced by short term hydrological events. 
The possibility of links between LIFE scores and habitat characteristics were not 
investigated, although a link was detected between poor habitat quality and depressed LIFE 
scores, and lower values of LIFE score during high flow periods were observed. A table of 
the given LIFE flow groups for taxa in the Fami lies Coleoptera and Trichoptera is shown in 
Table 2.6. 
Greenwood et aI. , (2006) followed thi s work and related it to use of the LIFE methodology 
in an examination of Trichoptera larvae subfoss il remains from 17 palaeochannels located 
in the middle reaches of the River Trent floodplain of the Midlands. This study 
demonstrated that larval Trichoptera can be used in palaeolimnological research to 
reconstruct a flow signal and to provide information on the aquatic habitat structure. The 
palaeochannel material used varied in age from Late Glacial to Medieval and the study 
demonstrated fossi l communities associated with both high and low flow environments. 
Trichoptera larvae are well represented in most of the LIFE flow groups and are well 
represented in the sedimentary record in palaeochannels. The fossil assemblages were also 
found to be similar to those of modern water bodies, indicating a consistency and 
comparability with modern communities suggesting that alteration by taphonomic 
processes had not occurred (Greenwood et al. , 2006) . 
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Table 2.6 Flow group classification for Coleoptera and Trichoptera (Extence et al., 1999) (FG=Flow Group) 
Genera Species FG 
Coleoptera 
Brychius elevalus 11 
Peltodyles caesus V 
Halplus apicalis IV 
confmis IV 
jlavicollis IV 
jluvialilis IV 
fiilvlls V 
furcallis V 
heydeni V 
immaculalllS V 
laminalus IV 
lineatocollis IJI 
IineolalllS IV 
mllcronalus V 
obliquus IV 
ruficollis V 
varie~al1ls V 
varius V 
wehneckei IV 
Hygrobia hermanni V 
Nolerus clavicornis IV 
crassicornis V 
Laccophilus hyalinlls III 
minull1s IV 
Laccophilus obsolelllS V 
Hydrovatlls clypealis V 
Hyphydrus ovatus IV 
Hydroglyphus geminus V 
BidessllS minulissinlUS IV 
lInis/riatus V 
Hygro(lIs decom/lIs V 
illeqllalis IV 
quinqllelinealus V 
versicolor IV 
Coelamblls conjluens V 
impressopuncl alus V 
novemlinealus V 
paralleloJ{Tammus V 
Hydroporus angl1slatlls V 
discrelus 11 
elongatullls V 
erythrocephalus V 
ferru~il1eus IV 
~/abriusculus V 
~lIenhalii IV 
incognitlls IV 
longicornis V 
longullls U 
marginallls VI 
melanarius V 
memnonius V 
moria V 
negleclus Iv 
nigrila V 
obscurus V 
obsoletus 11 
palllstris IV 
planus V 
pubescens IV 
rufifrons V 
scales iaf1l1s V 
striola V 
lessellatlls IV 
Iris lis V 
umbrosus V 
Suphrodyles dorsalis V 
Stictonectes lepidus IV 
Graptodytes bilineatus V 
jlavipes V 
granularis V 
piclus IV 
Porhydrus lineatus V 
Deronectes latus 11 
POlamonecles assimilis V 
depresslls IV 
depressus 
depressus elegans 1Il 
griseostriatus V 
Sliclolarsus duodecimpuslulatu U 
s 
Oreodyles davisii I 
sanmarkii J] 
septenlrionalis U 
Scarodyles halensis IV 
Laccornis oblongus V 
Table2.6 cont. grapii V ignicol/is V 
Platall/bus maculalus IJ sUluralis V megaphalllls V 
Copelalus haemorrhoidalis V Colymbeles Juscus V nitidicollis N 
Agabus affinis V Hydaticus seminiger V He/aphorus aefEtalis V 
arctieus V Iransversalis V a/ternans V 
bi?lltlaluS VI Acilius canaliculalus V arvernicus II I 
bipuslulalus N sltlcaw s V brevipa/pis IV 
chalconallls N Graphoderus bilineatus V dorsalis V 
congener V cinereus V f Zavipes V 
conspersus V zona/us V jidgidicollis V 
didymlls III Dyliscus circumcinclus V grandis N 
gultatlls n circumflexus V granularis V 
labialus V dimidialus V grise us V 
melanarius V /apponicus V longilarsis V 
melanocornis IV margina/is IV minulus V 
nebu/osus V semisll/calus V nanZlS V 
Agabus paludoslls n Gyrinlls aeratus N nubilis V 
slrio/alus V caspius IV obscurus V 
sturmii N disliclus V slrigifrons VI 
lIliginosus V marinus V lubercu/alus V 
lIndu/alus V minutus V Coe/osloma orbiculare VI 
unguicularis V paykztlli V CercJlOn bifimestralus VI 
lIybius aenescens V subslrialus N convexiuscullls VI 
aler V suffriani V depress us VI 
f eneslralus N urinator ill granarills VI 
fuliginosus N Oreclochilus villosus J] impressus VI 
gulliger V GeorisslIs crenu/alus VI laleralis VI 
guadrigutlaluS V Spercheus emaginalZls V lilloralis VI 
subaeneus V Hydrochus anguslalus V lugubris VI 
Rhanlus bistriatus V brevis V marinus VI 
exso/etus V carinatus V melanocephalus VI 
fronlalis V elongatlls V slernalis VI 
Table 2.6 cont J-Iydrochara caraboides V Esolus parallelepipedus 11 
Irislis VI Hydrophilus piceus V Limnius volkmari n 
us/ulalus VI Berosus a{fillis V Macrollycl1lls C/uadrituberculalus nJ 
ParacYlll1ls sClllel/aris IV luridlls V Normandia nitells [J 
Hydrobius luscipes V signal icol/ is V Oulimnius maj or rv 
Limnoxenus /liKer V spinosus V I'ivu/aris rv 
Anacaena bipustula/a IV Ochlhebius auriculatus VI Iro[!,lodyles rv 
Rlobulus IV bicolon VI luberculatus rv 
limbala IV di/atatus V Riolus cupreus [] 
11Itescens IV exsculplus 11 sllbviolaceus [J 
Laccohills alralus V marinus V Stenelmis canaliculala 111 
atrocephalus VI minimus V Helichus subslriallls rv 
biKuttalus IV nanus V 
biplll1clatus VI 
minulus V 
sinllGIUS IV 
stria/lIlus nJ 
Helochares lividus V 
obscurlls V 
pllnctallls V 
Enochrus a{finis V 
bocolor V 
coarclalllS V 
jilscipennis V 
halophillls V 
iso/ae V 
melanocephalus V 
ochropterus V 
quadripunclalllS IV 
lestaceus rv 
Cymbiodyta marginella V 
Chaelarlhria seminulum VI 
poweri V[ 
punclatus V 
pjlsillus V 
SlIbinteger lejolisii V 
viridis V 
Hydraena brit/eni IV 
Kracilis n 
minulissima IV 
niwila U 
paluslris V 
pulchella III 
py[!,maea [I 
riparia IV 
rujipes [J 
teslacea rv 
Limnebius aiu/a V 
nitidus [V 
papposlls V 
Iruncalelllls [J 
Tricboptera 
Rhyacophila dorsalis [ 
sejJlenlrionis I 
obl i/era/a I 
munda I 
Glossosoma conform is [[ 
bolloni n 
intermedium fJ 
Af!.apetus /ilscipes n 
ochriees n 
delicatullls 11 
Phi/apotamus man/anus I 
Wormaldia occipitalis I 
mediana I 
subniwa I 
Chimar'ra ma~Inala I 
NeureC/ipsis bimaculata IT! 
Pleclrocnemia conspersa [] 
Table 2.6 cont. fidvipes 11 sagittifera V 
geniculala 1 exocellala 11 mirabilis III 
brevis n Cheumatopsyche lepida 11 Trieholeioehiton fagesii V 
Polycentropus flavomaculalZls 1I Dipleclrona felix n Hawnella c!athrala III 
irroralus 
" 
Agraylea multipunctota IV Phryganea wandis IV 
kingii n sexmaculata IV bipunctara IV 
Holocentropus dllbills V Allolrichia pallicornis I Oli?,o/richa slriata V 
picicornis V Hydroptila sparsa lJ Agrypnia varia V 
slagnalis V simulans 11 obsoleta V 
Cyrnlls Irimaculatus IV cornula f1 pie/a V 
insolutus V lolensis lJ pagetana V 
f/avidlls IV angulata 11 crassicornis V 
Ecnomus tenellus III sylveslris I Triehoslegia minor VI 
Tinodes waeneri ru martini 1Il Ironoquia dubio 11 
maclachlani ]] oeculala I Apalania wallenweni V 
assimilis f1 tineoides IV auricula V 
Tinodes pallidulus II jJulchrieornis IV lIIuliebris f1 
maculicornis IJ jorcipata 1I Drllsus onnulatus rJ 
IInicolor 11 veclis 11 Ecclisopleryx gutlulata I 
mSlocld JI li?,urina n Limnephillls rhombicus IV 
dives I valesciaca n flavieornis V 
Lype phaeopa U lthylriehia lamellaris f1 subcentralis V 
reducta [J clavala 1I borealis V 
Metalype fraf!,ilis n Orlhotrichio angustel/a IV marmoratus V 
Psychomyia pus ilia [J tragelli V politus rv 
Hydropsyche pellucidula [J costalis IV tauricus V 
anguslipennis n Oxyethira f/avicornis V pati V 
sittali [J trislel/a IV stif!,ma V 
saxonica I simplex IV binotatus V 
contubernalis IT faleata IV decijJiens IV 
bulf!,aromanorulll JJJ /riei n lunatus IV 
instabilis f1 distinclelia V luridus VI 
Table 2.6 cont. Microplerna Ialeralis 11 Adicel/a reducta II I 
iRl1avllS III seqllax n jllicornis 11 
L i II1nejJh i I /IS fuscinervis V Mesophylat impunclatlls V Oecelis ochracea IV 
Lillmephi/lls ele5!.alls V aspersus 11 furva V 
grisells V AlIogamlls auricollis I Oecelis lacuslris IV 
bipunctatus VI Hydatophy/ax ;,,{umatus 11 nOlala 11 
afftnis IV Chaelopteryx vil/asa n leSlacea IV 
incisus V Molanna angllstala IV Leptoeerlls tineijormis V 
hirsulus 11 albicans V IlIsitaniclls III 
centralis IV Beraea p ul/ata III interruptus m 
sparsus VI mGurus 11 Setodes punctatus 11 
auricula V Emodes articularis ]I arRenl ipunctelllls V 
villa/us V Beraeodes minulus Il Goera pillosa I 
Iliwiceps V Odonlocerum albicome I Silo pal/ipes I 
ex/rica/us III Ceraclea nigronervosa IV nigricornis I 
filscicornis 11 /ulva IV Cl'lll7oecia irrorola 11 
coenosus V senilis IV Lepidosloma hirlulll 11 
Grammolaulius nilidus V annulicorllis 11 Lasciocephala basalis 11 
11 iRropllllctallls V dissimilis IV Brachycenlrus subnubilis 11 
Gll'jJholaelills peilllcidlls IV Alhripsodes alerrimus IV Sericosloma -.Rersonalum II 
Nemo/aulills punctatolineatus V cinereus 11 Notidobia ciliaris ru 
AlIabolia nervosa IV albi/rons II 
Phacopleryx brevipennis IV bilinealus 11 
Rhadicoleptus alpestris V commulalus I 
Potamophylax latipennis 11 Mystacides nil!:ra IV 
cillRUialus J] azurea IV 
rotundipellllis IJ longieomis IV 
Halesus radiatlls 11 Triaenodes bie%r IV 
digilatlls 11 Ylodes conspersus U 
Melamophylat mucoreus IJ simulans U 
Stenophylat permislus /JI reulerl UI 
vibex n Erotesis baltica V 
2.6 MUlti-proxy approaches 
Many historic studies have concentrated on the analysis of a single foss il group, such as 
pollen, (Brown, 1999), or Coleoptera (Coo pe, 2000) but the trend more recently has been 
towards multi proxy studies. Groups of experts pool knowledge and techniques to give 
complementary accounts of a particular field site such as Sagistal see Lake in Switzerland 
(Lotter and Birks, 2003). Here pollen micro foss il s, chironomids, cladocera and various 
other physical parameters such as grain size, magnetics and geochemistry were combined 
to provide a more complete Holocene environmental hi story of the lake. Similar studies at 
Krilkenes Lake, Norway have included Trichoptera, diatoms, mosses and oribatid mites 
(Solem and Birks, 2000; 2002). The advantages of the multi proxy approach are the clear 
reinforcement of lines of evidence from different environmental signals to provide a wider 
perspective. The precise combination depends on the nature of the material under 
investigation and the available pool of experts. Ideall y the ' proxies' should be 
complementary in terms of information ga ined. Evidence from each proxy can then be 
independently verified with its own modern ' training set' . A number of studies have 
combined a wide variety of proxies e.g. Huijzer and Isarin (1997) who utilised multiple 
indicators, both physical and biological , to reconstruct past climate in the Last Glacial 
Maximum (LGM) in northwest and central Europe. Another multi proxy study was carried 
out at Clettnadal , Shetland, where coleopteran environmental reconstructions formed only 
one aspect of a multi di sciplinary study involving experts in pollen, diatoms and 
Trichoptera (Whittington et ai., 2003). In the field of archaeology, reconstruction of the 
local vegetational change and history of crannogs has been achieved. A multi proxy 
approach was used utilising plant macrofossil s, pollen and spores, diatoms, chironomids 
and coleopteran evidence from lake cores to establish the age and function of the structure 
(O'Brien et ai. , 2005). 
Some large scale projects within the U.K. or even at the European scale have been 
undertaken. The NERC TIGGER (Terrestrial Initiative III Global Geological 
Environmental Research) project is using a variety of techniques:- diatoms, cladocera, 
chironomids, ostracods, magnetics, pollen, microfossi ls, humification, lipid biomarkers 
and stable isotopes, to examine the U.K. climatic history over the last 2000 years and 
demonstrates the necessity of using well dated, stratified sections (Barber et al., 1999). 
TIGGER lIb uses a similar strategy but is devising a U.K. event stratigraphy for the Late 
Glacial to Holocene transition period, correlating climatic information with signals from 
the GRIP ice core (based on 0180 °/00) and using beetles, chironomids, plant microfossils 
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and datable tephra layers (Mayle el aI., 1999). A mUltidisciplinary study at Somersham, 
Cambridgeshire, demonstrates the clear advantages of the combined approach of 
strati graphical sediment analysis with multiproxy environmental analysis, using pollen and 
microscopic plant remains, molluscs, ostracods and foraminifera in the elucidation of a 
complex environmental history. It is important to establish the environmental sensitivity of 
each of the individual proxies used in this context (West et al. , 1999). 
So far, the combination of Coleoptera, Trichoptera and Chironomidae from riverine 
deposits has not been attempted and will therefore provide a clear aquatic signal for the 
flood plain environment over the timescale of the infilling ofthe palaeochannel. 
2.7 TaplIonomy 
One of the assumptions of Uniformitarianism stated above is that the taphonomy, or 
depositional origin of the proxy, is known and is unbiased. Taphonomy is concerned with 
the information found in the fossil record and the processes by which that record was 
formed and is normally divided into three interdependent parts: 
• neerology, which is the death or shedding (e.g. larval moulting) of part of the 
organIsm; 
• biostratinomy, which is the deposition and burial of the disarticulated parts of the 
organism, including any post decay effects such as scavenging; and 
• diagenesis or lithification 
(After Martin, 1999 pp. 2-3). 
Taphonomic studies have been carried out for centuries, beginning with Leonardo da Vinci 
(1452-15 19), who used living and dead bivalves from the local area and mountains to 
conclude that the Biblical flood had not transported them, but that they had lived and died 
in situ (Martin, 1999). Other artefacts such as tree stumps may be preserved in situ 
although most are transported by such forces as wind, water or animals. These processes 
may selectively 'bias' the resulting fossil assemblage (Lowe and Walker, 1997). Fossils 
which are removed from their original depositional environment are said to be derived or 
secondary and must be distinguished [Tom primary foss ils (Lowe and Walker, 1997). The 
fossil or subfossil record bowever, is a rich source of palaeoenvironmental information on a 
scale from decades to centuries depending on depositional rates. 
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Figure 2.6 Interdependent processes in Taphonomy. 
The taphonomic processes fi lter out the 'noise' of any short term fluctuations by means of 
local reworking and short term mixing, but must be thoroughly understood in order for the 
interpretation to be made (Martin, 1999). Processes within taphonomy can be seen to be 
highly interdependent and form a continuum of processes rather than a set of singular 
entities (Figure 2.6). All these processes can be seen to combine to produce the 
palaeoenvironmental evidence in terms of proxies that we see in the geological record. In 
the case of the Aston on Trent palaeochannel, this record consists of the sediments, fauna 
and flora under discussion in thi s thesi s. 
2.7.1 Fluvial tapllonomy 
Studies in fluvial taphonomy have received a large amount of attention derived mainly 
from experimental studies of sediment transport and deposition. Using flumes and 
settlement tanks, shells and bones have been tracked and recorded as sedimentary particles, 
mainly in order to distinguish between autochthonous (locally derived) and allocbthonous 
(transported) assemblages (Martin, 1999). Macroflora and pollen give a wealth of 
information about past climates but selective durability and preservation of plant parts and 
variable rates of both production (pollen) and transportation all affect tbeir interpretation 
(Burnham, 1993). This leads to questions as to the level of the representation within the 
record. 
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Local versus regional representation 
Fossil or subfossil accumulations in fiver channels will represent a more regional 
environmental picture due to the transportation of the biota, whereas oxbows or abandoned 
channels may record the ecological succession from the local vicinity (Martin 1999, 
Demko et ai. , 1998). Preservation In oxbows IS typically good due to low energy 
sedimentation conditions (Gastaldo et al., 1987). Spicer (1989) suggests it may be 
necessary to look for species preserved in a range of sedimentary environments in order to 
see a regional perspective on climate or vegetation. In a similar way the interpretation of 
pollen data can be complicated by material which has been transported over long distances 
(either aerially or via water), giving a regional picture of vegetation cover and type (Birks 
and Birks, 1980). Plant macrofossil information is thought to produce a more local picture 
of vegetation as it is not so widely dispersed. In cases where tree pollen has been present, 
but no tree related macrofossil material found, there is an obvious difficulty in 
interpretation of the pattern of vegetation in the immediate surroundings (Roberts, 1998). 
Plant deposition studies of the Burkedin River, Australia have shown that plant material 
assemblages are primarily dominated by those of plants growing within the channel and 
that the floodplain community is mostly unrepresented. The different assemblage types 
found varied with discharge rates and with the location within the channel, therefore a 
range of depositional modes occur. These modes range from wind transportation through to 
transportation in the fluvial environment and in situ burial (Alexander et al., 1999). 
Time resolution 
Aspects of time resolution in land plant assemblages are addressed by Burnham (1993). 
Different plant organs have different preservation potentials and behave differently in the 
taphonomic process, so that a range of time can be represented by macroplant assemblages 
including periods of growth, decay transport and burial (Table 2.7). Both seeds and fruits 
are resistant to mechanical and microbial degradation and have been known to float for 
long distances. Each strati graphic layer (of variable thickness), which represents a single 
depositional event, may contain material which represents up to 100 years accumulation 
(Burnham, 1993). 
The preservation rate will be affected by transport rates and the decomposition rate of the 
material. Small seeds e.g. SchoenoplecJus are capable of being transported for some 
di stance but would not be preserved for any length of time unless buried in an anoxic 
environment such as an oxbow or cut off channel (Greenwood et al. , 2003). 
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Growth Time Seasonal Decomposition Reworking Mjn/Max time 
Production Time Potential represented by 
derived 
accumulations 
Trunks < 10-500 yrs No 6 mths -150 yrs Possible <10-520 yrs + 
Bark 0.5-30yrs Yes 2 mtbs -10 yrs Possible 0.5-40 yrs + 
Small Branches 0.5-5 yrs No I Yes 3 mths -5 yrs Possib le 0.5-10 yrs + 
Durable Cones 2mths - 2 yrs Yes I mth -5 yrs Possible 2 mths - 7 yrs 
!'r"its, Seeds 
Fragile Cones, 2 wks -I yr Yes 2 wks -3 yrs Unlikely 2wks - 4 yrs 
Fruits, Seeds 
Leaves 6 mlhs -3 yrs Yes 2 wks ·5 yrs Unlikely 6 rnths . 8 yrs 
!,Iowers 2 wks·2 mths Yes Iwk-I yr Unlikely 2 wks ·1.2 yrs 
Table 2.7 Estimated range 01 time represented by plant macrolossil assemblages after Burnham 
(1993) 
An unusual assemblage of pollen, plant macrofossils and microvertebrates (amphibians, 
reptiles, mammal teeth and vertebrae) in Iowa, allowed detailed analysis of the effect of 
depositional sorting in a head water alluvial environment (Work el ai. , 2005). Here the three 
proxies produced similar ecological interpretations, although the fossil plants and animals 
had arrived in the deposit via different taphonomic pathways. The pollen and plant 
macrofossi ls normally occur in fine organic silts associated with low energy environments 
and show little transport, whereas microvertebrates are more commonly found in sands and 
show evidence of transport. In this case, the three proxies were caught in a backwater by a 
downstream log jam and hence were finally deposited together. In archaeological 
investigations the taphonomy, or context of a deposit can provide valuable information in 
relation to interpretation. Modem studies of Palaeolithic vertebrate bone assemblages have 
been used to illustrate the relationship between vertebrate populations and possible hominid 
hunting techniques (Behrensmeyer and Hill, 1986). 
2. 7.2 Insect topllOnomy 
Preservation of insect remains is only realistically possible where rapid burial provides 
suitable anoxic conditions for preservation where little microbial activity occurs or 
chemical agencies are acting (Lowe and Walker, 1997). Taphonomic studies are essential 
for the accurate reconstruction of fossil assemblages but little work has been undertaken on 
most insect groups. There have been studies of the taphonomic representation of 
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coleopteran fauna associated with archaeological deposits (Kenward, 1975; Kenward and 
AlIison, 1994), but this has not been extended to insects in fluvial environments. 
The degree of representation of the living population by the taphonomic sample is 
investigated by a number of papers. A recent study of aquatic invertebrate communities in 
Uganda including Bryozoa, Diptera, Chaoboridae, Ephemeroptera, Trichoptera and 
Turbellaria, concluded that the recent death assemblages were found to provide a more 
complete record of the local inveltebrate communities and distribution of species between 
the lakes than the live samples taken from a variety of habitats (Rumes et ai. , 2005). Smith, 
D.M. (2000) found that only 56% of living beetle fami lies and 28% of genera were found 
within the sediments of a lake in southeastern Arizona. Relative abundances of fami lies 
were also markedly different with an over-representation of necrophagous and ground-
dwelling groups. The death assemblage also contained a greater proportion of smaller, 
more robust beetles because of their preferential preservation. This obviously has 
considerable bearing on the interpretation of palaeoecological faunas. The issue of 
representation has been approached in two papers by Kenward (1975; 2006). [n the first, it 
is suggested that the straightforward environmental reconstruction from an insect death 
assemblage derived from a drain in the City of York, was biased in certain respects. Some 
habitats indicated by the fauna were absent from the surroundings such as open water and 
dung of herbivores, whilst the importance of others such as decaying masses of vegetation 
and open ground with a cover of short vegetation were exaggerated (Kenward, 1975). [n 
the second, the visibility of past trees and woodland, as represented by insect remains, is 
investigated. Examining a variety of modern deposits in particular special relationships to 
woodland, the proportions of tree-associated insects varied greatly. Higher values occurred 
in woodlands, to low or zero values where there were no trees. Low values however did 
occur near to trees, so that an absence of tree-associated fauna could not necessarily be 
used to imply a treeless environment (Kenward, 2006). 
In a study of insect foss ils in carbonate rich environments, the most important processes 
controlling the preservation were found to be biological (insect size, wingspan, degree of 
decomposition, presence of microbial mats, predation and scavenging), environmental 
(water surface tension, water temperature, density and salinity, current activity) and 
diagenetic (authigenic mineralisation, flattening, deformation and carbonization) 
(Martinez-DeJclos, 2004). Putting this into a fluvial context, many of these factors are 
relevant, but fluvial transport and erosion becomes highly important. The content of aquatic 
subfossi l fossil insect assemblages also varies with sediment type. As with pollen and plant 
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macrofossils, insects from autochthonous sediments are representative of the local 
environment and a llochthonous sediments are thought to give a more regional signal but 
may be biased by robust local inhabitants such as the sand dwelling weevil Lepidophorus 
linealicollis which has an East Palaearctic and Nearctic distribution (Morland and 
Matthews 1983). Fluvial reworking of insect material has been shown to be a problem in 
permafrost areas where sediment size is fine. In Siberi a, Pleistocene fossil s of the beetle 
Morychus viridis have been found to represent up to 16% of the Holocene assemblage and 
are thought to be both deri ved from local Pleistocene deposits which are well preserved 
because of the permafrost, and from possible relict popuJations (Kuzmina and Sher, 2006). 
Trichoptera frontoclypea are delicate by nature and if preserved, are unlikely to have been 
transported far (Williams, 1988). The selec ti ve preservation of the sclerites of particular 
species has not been investigated. A study of the sedimentary and palaeoclimatic controls 
on Pleistocene tri chopteran assemblages showed that species richness and fossil abundance 
were partly related to the storm or fair-weather conditions inferred from tbe 
sedimentological pro fil e, and hence interpretations of such variation cannot be interpreted 
simply as changes in animal diversity and abundance. The rel ative preservation potential 
and transportability of different sclerites must therefore be taken into cons ideration 
(Williams and Eyles, 1995). 
2.8 Geological and ecological background to tile River Trellt area 
Witb a catcbment of 10,450 km2 and a length of247 km, the Ri ver Trent is one of the UK's 
longest rivers. Ri sing from the Staffordshire moorlands and flowing essentially south-east 
from source, then from west to east in the middle reacbes until Nottingham, the River turns 
north-east through the ' Trent trench' to Newark and the Humber estuary (Dinnin and 
Brashay, 1999; Howard et ai. , in press). The surrounding bedrock varies from 
predominantly Mercia Mudstone and Carboniferous Coal Measures in the north, to a 
complex mix of Sherwood Sandstone, Nottingham Castle Sand Formation (formerl y Bunter 
Pebble Beds), Permian sandstones and breccias and Carboniferous Coal Measures furtber 
south (Figure 2.7, Figure 2.8). 
The origin of the Trent trench, incised into the Mercia Mudstone Group, and sediments in 
the vicinity of the Lincoln and Ancaster Gaps, have been the subject of mucb debate over 
recent decades, having been initially tbought to be the route of tbe ancestral Lincoln and 
Ancaster Rivers (Swinnerton, 1937). These, together witb the pre-Anglian Bytham river of 
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Norfolk have all been proposed as former courses of the River Trent (Posnansky, 1960; 
Straw, 1970, Rose et aI. , 2001). 
Between three and six terraces, consisting of sands and gravels, have been mapped within 
the catchment, representing Devensian and pre-Devensian drainage diversions of the River 
Trent (Posnansky, 1960; Straw, 1970, Pocock, 1929). A lack ofPleistocene fluvial deposits 
between the Middle Trent Valley and the Ancaster Gap complicates the drainage history, 
together with a large buried valley (the Elvaston channel) containing pre-Anglian deposits 
in the area of Derby (Ho ward et al., in press). Recent revi sion of the stratigraphy has 
derived a more complex history and revised strati graphic framework, with seven MIS 
stages represented (Table 2.8; Maddy, 1999). 
MIS Lower Derwent Trent and Lower Dove Proto-Trcnt (Newark to 
Valley Valleys Lincoln) 
I Alluvium Ambaston Alluvium Hemington Sand Alluvium Hemington Sand 
Sand and Gravel and Gravel and Gravel 
2 Chaddesden Sidings Holme Pierrepont Sand Spalford Sand Holme 
Sand and Gravel and Gravel Pierrepont Sand and Gravel 
3 
4 AlIenton Sand and Beeston Sand and Gravel Scarle Sand and Gravel 
Gravel 
5a-d 
5e Crown Inn Bed 
6 Eggington Common Sand Whisby Sand Balderton Sand 
and Gravel and Gravel 
7 Thorpe on the Hi 11 Bed 
8 Ockbrook Sand and Etwall Sand and Gravel Whisby Farm Sand and 
Gravel Gravel 
9 
10 
11 
12 Eagle Moor Sand and Eagle Moor Sand and Eagle Moor Sand and Gravel 
Gravel Gravel Skellingthorpe Clay 
Findern Clay 
ANGLIAN GLACIATION 
Table 2.8 Accepted chronology for terrace deposits of the River Trent and key tributaries described 
by Maddy, 1999 (Howard et al., in press) . 
A well-preserved palaeoenvironmental record, notably mammal remains together with 
insects, molluscs (including the pre-Ipswichian indicator Corbiculafluminalis), pollen and 
plant macrofossils is found in the Trent catchment from MIS 7, and mammals from MIS 5e 
(Ipswichian) (Howard et aI. , in press). Cold stage faunas have been recorded within the 
Balderton Sand and Gravel (MIS 6) at several sites between Newark and Lincoln and 
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Whitemoor Haye, near Alrewas in Staffordshire (MIS 3), which contains an exceptionally 
well preserved fauna associated with woolly rhino remains, Coelodonta antiquitalis 
(Brandon and Sumbler, 1991 ; Brooks et ai. , 2003). During MIS 2, ice probably reached as 
far south as the TrentITame confluence and Uttoxeter on the Dove, with incision 
continuing through the Dimlington into the Holocene, producing the Floodplain Terrace 
(Knight and Howard, 2004). 
Plate 2.5 Gravel extraction at the Aston-on-Trent palaeochannel site during sampling in April 2004. 
A massive increase in sediment supply derived from the Dimlington stadial ice sheet is 
postulated as thawing occurred, at around c.13 500 yr BP (Lowe and Walker, 1997). This 
lead to the deposition of large quantities of gravel in the valley, which are now 
commercially exploited (See Plate 2.4). Climate fluctuated throughout the Younger Dryas 
(11 500 - 12500 cal yr BP) and recent evidence points to extremely cold winter conditions, 
comparable to Siberian tundra, and cool summers (Denton et ai. , 2005, Broeker, 2006) 
resulting in highly variable sediment loads and high channel instability (Winters, 2000; 
Howard and Knight, 2006). Ice blocked the drainage of the river via the Humber, where a 
large glacial lake formed in the south of the Vale of York and extensive sheets of 
coversand were deposited in Lincolnshire and East Anglia as a result of active deflation of 
fluvio-glacial sands (Knight and Howard, 2004). 
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Location of Aston on Trent palaeochannel 
Figure 2.7 General Geology of the East midlands and middle Trent. 
Reproduced by permission of the British Geological Survey © NERC. All rights reserved. 
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2. 9 Lategiacial and Holocene Fluvial sedimentary IIistory of tile River Trent 
Fluvial deposits of the middle Trent are interpreted as those of a shallow gravel braided 
river developing through a stable multi-channel (anastomosing) configuration from the 
Late glacial to Holocene and ultimately resulting in a single thread meandering channel 
(Brown et al. , 1994). The Trent has high discharge and potential variability because of its 
many tributaries, and the middle reaches have been the subject of many studies (e.g. Brown 
et at. , 1994; Howard et aI. , I 999b). It is highly likely to have been sensitive to 
environmental cbange over the last 5000 years (Smith and Howard, 2004). During the early 
Holocene the River Trent, together with other lowland rivers, was far more stable than 
during the Pleistocene - Holocene transition, with slow alluviation until c. 5200BP 
(Howard et ai. , 1999b). This has resulted in a relative dearth of palaeochannels found 
dating from this period (Smith, pers. comm.). 
Pollen and insect remains from a rare early palaeochannel at Bole Ings near Gainsborough 
indicate that channels were becoming abandoned by at least 7500 cal BC, if not before 
(Brashay and Dinnin, 1999). This exceptionally long environmental record (7300-800 cal 
BP) characterises the early landscape (7300-5200 cal BP) as a wooded floodplain 
comprising willow and poplar trees, with Scots Pine on some sandier levees and with 
deciduous hardwoods of oak, lime and elm, with a notable lack of grassland species and 
those associated with disturbed ground, indicating little open habitat (Howard and Knight, 
2006). After c. 5000BP there is a marked change in the erosional and depositional 
processes and in ground water conditions (Ho ward et ai. , 1999a). At Bole Jngs this is 
marked by alder carr development associated with waterlogging and sea-level change 
(Brash ay and Dinnin, 1999). 
The middle Trent has been shown to be unusually ' active ' during the late Holocene, 
compared to other lowland rivers of the U.K such as the Severn or Thames, as illustrated 
by flood events at Hemington over the last 1000 years (Brown et al., 2001). Large numbers 
of dendrochronologically and radiocarbon dated oak tree trunks have also been found 
dating from c. 4000 BP onwards (Salisbury et al., 1984). Detailed analysis has 
demonstrated that these have their origins in both natural and anthropogenic processes 
(Howard and Knight, 2006). With considerable reworking of sediments during late glacial 
events of the Quaternary, only fragments of previous interglacial material occurs on river 
terraces and in abandoned or cut-off channels, as at Aston on Trent (Lewin and Macklin, 
2003). A variety of research has been undertaken on the evolution of the Trent floodplain 
49 
(Li llie and Grattan, 1995; Winters, 2000) but little work has been carried out combining 
sedimentology with paJaeoecological information . 
2.10 Summary 
This chapter has given an overview of the issues relevant to this thesis by discussing 
recently published and unpublished (e.g. grey literature) work. These areas have included; 
the nature of palaeoecological enquiry; the use of proxies and the increased in fo rmat ion 
gained from a multiproxy approach to palaeoenvironmental analysis. ft has assessed the 
usefulness of each of the three proxies being utili sed; the Coleoptera, Trichoptera and the 
Chironomidae and included a review of the factors affecting macroinvertebrates in modem 
riverine environments. The LlFE methodology was examined and its use in 
palaeoenvironmental reconstruction of flow regimes di scussed. A review of the processes 
involved in taphonomy has been included and it concluded with a historical analysis of the 
development of the River Trent in its geological setting. The fo llowing chapter outlines the 
methodology used in this thesis. 
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3 Methodology 
3.1 Introduction 
In order to achieve the aims and objectives of this thesis, a programme of fieldwork and 
laboratory analysis has been undertaken. A reach of the River Soar was sampled to 
investigate the taphonomic distribution of the recently shed, or deposited remains, before 
and during burial (biostratinomy). In comparison with the modern channel , a large 
palaeochannel section at Aston on Trent was sampled using multiple monoliths, for 
subfossil insect remains and sediments, in order to investigate the temporal and spatial 
distribution of the fauna and their sedimentary environment. This chapter is divided into 
two parts describing the methods employed to achieve the thesis aims. First the methods 
used for sampling the contemporary fauna in the River Soar are discussed in relation to 
general problems of invertebrate sampling and secondly, the methods for sampling the 
palaeochannel deposits are outlined. The study of the modern distribution thus provides a 
modern analogue baseline from which to analyse the palaeochannel sediments. 
3.2 Methodological approach 
A multi proxy approach utili sing three insect proxies; Coleoptera, T richoptera and the 
Chironomidae was employed in the investigations at Aston on Trent. These subfossil 
distributions were then related to environmental factors such as flow and sediment 
accumulation using parametric and non-parametric statistical techniques such as ANOV A 
and by way of multivariate analysis. 
The level of identification of the subfoss il remains is critical for the accurate comparison of 
environmental parameters within modern environments (see Chapter 2). The Coleoptera 
and Trichoptera can be identified to species level using characters based on the sub fossi l 
sclerites (Elias, 1994; Greenwood et at. , 2003). Most of the Chironomidae can be identified 
to Genus or group within Genus level, and some further. The Tanypodinae for example can 
be identified to species level based on cephalic setation (Rieradevall and Brooks, 2001). 
Work towards species level identification of subfossil Chironomidae is constantly 
progressing (Brooks et al. , 2007). Chironomidae have not been extensively utilised as 
palaeoenvironmental indicators in fluvial environments, therefore thi s study represents a 
novel application of their use in palaeoecology. 
Examining the aquatic larvae of Trichoptera and Chironomidae and aquatic species of 
Coleoptera enables a direct comparison to be made between them. 
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• First, a taphonomic study of Trichoptera on the River Soar was used to investigate 
the distribution of the taphonomic fragments within the river sedirnents in relation 
to the contemporary fauna both spatially and temporally. 
• Secondly, a study of the spatial and temporal variation in the taxa found within the 
palaeochannel sediments allowed a picture ofthe range of palaeoenvironments 
represented to be detem1ined. 
• Finally the comparison of material sampled from a palaeochannel with that of the 
modern river channel will allow an analysis of the variability and representation of 
the fossil data in teffi1S of the modem fauna. 
A program of field work based on the aims and objectives was carried out as follows: 
Date Site Samples taken 
April 2004 Aston on Trent Palaeochannel monolit hs 
Jan-August River Soar, Cotes Taphonomic, live and kick samples 0 
2005 Mill benthos 
October 2005 River Soar, Cotes Freeze co re sam pIes 
Mill 
3.3 Sample replication and represelltation 
Sample replication is necessary in order to establish levels of natural variation within a site. 
It is vital to obtain samples which represent the fauna of the river when undertaking any 
programme of study. However it is sometimes difficult to successfull y achieve this in 
practice. For example, random sampling has been shown to fail in detecting clumped or 
patchy di stributions (Underwood, 1994). 
Sampling methods used here have been designed to achieve the following aims: 
• A high level of comparability between replicate samples; 
• A good representation of the total fauna; sediment volumes and proportions 
deposited in the study reach; 
• Practicability of operation during the study period where possible; and 
• Quantitative sampling to facilitate accurate statistical comparison of results. 
In the palaeochannel study it was not possible to replicate monoliths for each of the profiles 
taken due to the excessive processing time required. Several monoliths were taken across 
the channel profile to show the spatial variation. Most palaeoecological examinations use 
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only one core or monolith as a representative sample of the fauna (e.g. Ruiz et ai., 2006) . 
This assumption may not be valid for all paiaeochannel sections and is tested here. 
3.4 Modern river study 
Taphonomy derived from the Greek /aphos, meaning burial and nomos meaning law, is 
often defined as the processes affecting an organism after death . All three processes in 
taphonomy (necrology, biostratinomy and diagenesis) can introduce bias into the selected 
sample that is ultimately derived. This study is primari ly concerned with the biostratinomy 
of modern trichopteran larval head sclerites as represented by the fro ntoclypeal apotome. 
These insect sclerites wi ll have been derived from moulting, pupation and death of the 
larval Trichoptera during their life cycle. It is hypothesised that after moulting, death or 
pupation, larval scleri tes would be deposited in the sediment of the bed of the river and 
subject to forces offlow and decay, where they may (or may not) persist. One frontoclypeal 
apotome is taken to represent one individual trichopteran larva (see also Chapter 7.2). 
Collection of taphonomic fragments enabled the relative distribution of the fragments in 
relation to the environments of the living animals to be establi shed. This includes analysis 
of the spatial variation in both the living and taphonomic distributions. Samples of the 
contemporary benthic population of the river were taken which could then be compared 
with the populations from the taphonomic sanlples. Lists of the taxa previously recorded in 
this area have been obtained from local studies available at Loughborough for reference 
(Greenwood et al., 2001; O. Fretwel1 and C. Hobday, pers. comm.). Fow' freeze cores were 
also taken from the river bed to give a temporal dimension to the study. The vertical profile 
allows recognition of any recent change in the depositional environment. 
3.4.1 Study site 
The River Soar, a tributary of the Trent was selected for the study as it represents a 
relatively close analogue for the palaeochannel in terms of size, flow and environment. It is 
a gravel bed river, monitored by the Environment Agency at PilI ings Lock (SK565 182), 
near Barrow on Soar, just upstreanl of the selected area at Cotes Mill . It is local to 
Loughborough and was already known to have accessible areas of a reasonable depth fo r 
sampling to be practicable. The river depth is important for retrieval of samples which 
could not be practically achieved at depths greater than 60cm. Although the river is 
managed upstream and partially canalised, it has a varied fauna. A section of river 50 
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metres in length, adjacent to a gravel bank and less than 3 metres deep was selected for the 
study (SK 455500, 320500). 
A site survey using a total station was carried out to establish the location of the sediment 
traps (boxes) and several channel profiles (See Figure 3.1, Appendix 31) 
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Figure 3.1 Plot of Total Station coordinates for the River Soar giving trap (box) positions, channel 
banks and instream macrophytes 
Water depths greater than 2.5 metres prevented complete access across the width and thus 
the production of a full profile was onJy possible in two places. This reach includes 
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vegetated, clean gravel and sand patches and encompasses a shallow bend. The river is 
bordered by meadowland with some large trees on the banks (Plate 3.1). 
Plate 3.1 The study reach on the River Soar in June 2005 
The Environment Agency provided daily discharge data in m3 sec·l for the period of study 
from Pillings Lock, station number 4093, (SK 565 182) and a flow time series is shown in 
Appendix 3H. 
3.4.2 Sampling strategy - General 
The aim of the study was to collect a representati ve sample of: 
I. The trichopteran scleri tes deposited on the bed of the river; 
2. The live contemporary benlhic fa una; 
3. The benthic fauna which had colonised the trays; and 
4. A measure of the relative deposition of sediment within the study reach. 
3.4.3 Sampling strategy - Taphonomic macroinvertebrate samples 
Taphonomic studies have been carried out for a wide variety of organisms from seeds to 
vertebrates (Martin, 1999). Taphonomic investigations of river environments have not been 
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carried out for larval Trichoptera in the past, although a study of insect taphonomy in lake 
environments has been undertaken (Smith CD.M.), 2000). Plant material dispersal in fluvial 
environments has also been investigated (Alexander et aI. , 1999). 
3.4.4 Deployment of sediment traps (boxes) 
Trays of artificial sediment have been used in previous studies for sampling benthic macro-
invertebrates and have been shown to give a consistent result and a higher variety of taxa 
when compared with a surber sampler, box sampler and electric shock sampler (Hughes, 
1975). 
A set of identical rectangular plastic sediment boxes, approximately 200 x 135 x 63mm 
were placed in the stream bed for the collection of taphonomic samples, benthic macro-
invertebrates and transported sediment (Plate 3.2). This was considered to be of sufficient 
size to catch sclerites but not too large as to be unmanageable. These were filled to the rim 
height with gravel (size ranges from 4mm to 20mm) in proportions similar to the bed 
material and to a weight of 2.4kg (dry). The gravel was flrst washed and sieved at 4mm to 
remove any fine fraction present. 
Traps in 
situ 
Plate 3.2 Sediment traps in situ in the River Soar during sample collection 
Sediment traps were deployed in the ri ver bed under a range of flow conditions, to collect 
samples from late January to August. The traps were changed at approximately 5 week 
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intervals, where practicable, depending on the river level. This timescale was sufficient for 
recolonisation but short enough to prevent clogging due to sedimentation. Before each trap 
was removed from the river, a lid was placed on securely to retain any fine material on the 
gravel surface. This process was reversed when the traps were replaced in the water, with 
the lid removed once the trap was in place in the river bed. At each visit the water pH and 
conductivity were recorded. Flow meter readings were recorded with an electromagnetic 
current meter (Probe P42-0 19) at each of the six sites. Readings were continuously 
averaged over 30 seconds and three readings of both benthic and 0.6 x depth measurements 
taken. 
3.4.5 Choice of study sites 
Six sites were selected within the study reach, two each representing slow, medium and fast 
flow environments according to the flow parameters observed at the surface. Three sites 
were selected on each side ofthe river so as not to create bias in terms of a ' bank' effect. At 
each site a hole was excavated in the bed with a trowel , and the three sediment traps were 
placed with the rim at bed height to minimise flow disturbance. After three months it was 
necessary to change the original positions of the traps as the river level had declined 
significantly, exposing those in the slow flow regions of the gravel bank. New sites were 
selected with equivalent flow conditions. 
3.4.6 Samplillg strlltegy - Kick samples 
A semi quantitative assessment of the benthic trichopteran fauna was required for 
comparison ffith the taphonomic samples from the boxes. Each month a set of six kick 
sanlples of 30 seconds each were taken using a hand net with 230 x255mm frame, 275mm 
bag depth and mesh size 900~m (plate 3.3). A pond, or hand net is one of the most 
versatile and widely employed tools for sampling in the aquatic environment and they have 
been routinely used in the bio monitoring progran1me of water quality in flowing waters 
(Murray-Bligh, 1999). The method is widely used for qualitative sampling of benthic 
macroinvertebrates and has been shown to give consistent results when used repeatedly for 
a given site (BSI, BS 6068, 1985). However, it can be regarded as a semi-quantitative 
method if a standardised technique is employed for each sample taken (Furse et aI. , 1981). 
This method enabled a greater species variation to be sampled for comparison thus giving a 
measure of species diversity. 
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Plate 3.3 Kick sampling in the River Soar in June 2005 
Two samples are taken from each of the three flow zones of the river, as representative 
samples of the trichopteran fauna. Repeat samples were taken in each flow envirorunent in 
order to minimise any bias in the sampling (Peckarsky, 1982). In a comparative field study 
96% of the taxa recovered in 12 surber samples were found to occur in the first 4 sanlples 
(Nelson and Scot!, 1962). Sampling was undertaken progressively upstreanl of the box 
positions to avoid repeat sampling at the same points and to be equivalent to the source 
material for the taphonomic fragments. This was carried out at sufficient distance upstream 
(greater than 50 metres) so as to minimise any disturbance to the boxes. Samples were 
stored in 70% [MS in sealed plastic bags and refrigerated prior to processing. Flow velocity 
readings were recorded for each sample site, at each sample session. 
3.4.7 Samplil/g strategy - Freeze cores 
Freeze coring has been used to quanti fy the depth di stribution of fauna in stony stream beds 
(pugsley and Hynes, 1983; Adkins and Winterboum, 1999) as well as for analysis of the 
physical composition of the bed with depth (Stocker and Williams, 1972). In November 
2005, a set of four freeze cores were extracted in the study reach to establi sh the vertical 
distribution of the Trichoptera fragments within the bed sediment profile. This was 
achieved by means of inserting a 1.5 metre hollow metal tube with a sealed base, into the 
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river bed to a depth of 70-80cm. The depth of core that can be obtained and the depth of 
water in which the equipment can be used , are limited by the length of the tube provided. 
The centre of the tube was then filled with liquid nitrogen and stirred to achieve maximum 
freezing of the surrounding bed material (plate 3.4). The frozen sediment plus the tube was 
then winched up from the river and carried to the banJe 
Each core was divided into 10cm levels using a geological hammer and stored in labelled 
plastic boxes. This was later sieved and paraffin floated by the standard method establi shed 
by earlier experimentation. Sampling was restricted to the gravel bank area by water depth 
and consideration of health and safety. The cores were taken at 3 metre intervals upstream 
and approximately 2 metres from the bank. Freeze coring is thought to be the most efficient 
method for the sampling of the sediment profile under water, whilst retaining the majority 
of the fine sediment fraction (Carling and Reader, 198 1; Zimmermann el aI., 2005). 
Plate 3.4 Freeze coring on the River Soar, October 2005 
3.4.8 Processing - Traps (Boxes) andJreeze cores 
The initial processing of material from the traps involved the separation of taphonomic 
material, live material and sediment fractions. The following flow diagram (Figure 3.2) 
illustrates the subfossil extraction protocol. 
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Figure 3.2 Flow chart to il lustrate process of analysis for sample material from sediment traps. 
(Taphonomic samples 1 and 2 were combined for analysis.) 
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Any complete Trichoptera visible were removed from the sediment traps and stored in 70% 
IMS. The entire contents were wet sieved at 4mm to retri eve and recycle the gravel for the 
following month's survey. Further wet sieving at 1 mm retained any remaining whole 
Trichoptera and some of the larger subfossil fragments. This fraction was stored in plastic 
specimen tubes and preserved in 70% IMS. The l-4mm fraction was examined at 
approximately 7 x magnification and any whole Trichoptera or subfossi l fragments were 
removed. To di stinguish between ' li ve' and taphonomic fractions, a tTichopteran larva was 
considered as ' live' if it consisted of more than an isolated head. This was to allow fo r the 
destruction of some soft body parts during the processing. After the removal of the live and 
taphonomic material the remaining material constituted the sediment fraction. This fraction 
was then dried at 50°C and weighed to give a coarse sediment weight. Any remaining 
organic material present would be a very small fraction of the total weight and hence was 
discounted for purposes of analysis. 
125flm was selected as a suitable size for final sieving to catch the tri chopteran sclerites 
(Greenwood et al. , 2003) and produced two fTactions. A smaller sieve was not required as 
Chironomidae did not form part of the modern study. The sample less than 125 flm was left 
to settle overnight, excess water decanted, dried at SO°C and weighed as the fine sediment 
fraction. The sanlple between 125 flm and Imm was paraffin floated (see method in 
Appendix I A) and after removal of the floated material, the remaining sediment was dried 
at SO°C and weighed to give the medium grade sed iment fraction. 
Trichoptera fragments were picked out of the floated material at 16 x magnification and 
stored for later identification. All the remaining material and the dried fractions were then 
recombined and Loss on Ignition undertaken (Section 3.5.8). The >4mm gravel fraction of 
the cores was also dried and weighed fo r comparison with the material from the traps. 
3.4.9 Identification of floated samples, live material alld whole Triclwptera 
Identification of insect sclerites was undertaken as per Section 3.5.6 for the palaeochannel 
material using a Zeiss microscope at up to 45 times magnification. Comparisons with 
material from photographic reference collections of Trichoptera frontoclypea (compiled by 
M. Greenwood from the original slide collections of P. Hiley and John Philipson) were 
made. The whole Tricboptera were identified using the Freshwater Biological Association 
(FBA), keys (Edington and Hildrew, 1995; Wallace et al., 2003) and the thesis authors' 
personal collection. 
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3.5 Palaeochannel study 
3.5.1 The study site 
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Figure 3.3 The catchment of the River Trent with the location of the palaeochannel study site 
The study site at Aston-on Trent, Derbyshire, is in the middle reaches of the River Trent 
(Figure 3.3). The wide palaeochannel section was exposed in a gravel quarry located 
between the river and the Trent and Mersey canal (plate 3.5) and is associated with a 
Bronze Age log boat discovered by Birmingham Archaeology (P late 3.6). 
3.5.2 Archaeology 
The area is considered archaeologically sensitive, with a concentration of archaeological 
features such as, the Middle Neolitbic Aston Cursus monument, and a number of ring 
ditches and barrows in close proximity (Martin, 2005). Gravel extraction to the north has 
uncovered a system of oxbow lakes and palaeochannels (Salisbury, pers. comm.), with a 
Bronze Age log boat and a causeway with stone foundations. A variety of metal 
implements including axe heads, palstaves, spearheads and rapiers have been recorded. 
Finds in the area of the palaeochannel under investigation here include Romano-British 
enclosure ditches and various Late Bronze Age bronze items (Martin, 2005). 
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Plate 3.5 The location of the palaeochannel in the quarry at Aston on Trent 
3.5.3 Geograp/ty 
Aston on Trent lies between the confluences of the Rivers Derwent and Dove with the 
River Trent (Figure 3.3). This section of the ri ver has experienced highJy variable di scharge 
and particularly active channel migration during historic times (Brown et at. , 2001 , 
Salisbury, 1992). Significant lateral movement of the channel has been shown to have 
occurred elsewhere on the Trent floodplain e.g., at Holme Pierrepont, where a complex of 
three Bronze Age log boats were recorded (MacCormick et aI. , 1968). There is also 
evidence of multiple channels rather than a simple single-thread river (Ho ward et aI. , 
I 999b). The Trent Valley Geoarchaeology project (2002) has mapped a complex picture of 
palaeochannels within the immediate area of the Aston on Trent site using aerial photos, 
UDAR images and OS maps (Figure 3.4). Multiple channels are present at Aston on Trent 
(Brown and Quine, 1999; Salisbury, pers. comm.), one of which IS dated by 
dendrochronology at 5210-4850BC and 5290-4990BC and is known to contain a 
trichopteran fauna (Greenwood, et al., 2006). 
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Figure 3.4 Map showing River Trent and palaeochannels downstream of Aston on Trent around 
confluences with the River Oerwent and the River Soar (Baker. 2003) Information derived from 
aerial photographs, LlOAR and maps. 
Other finds from River Trent quarries, such as Col wick, include large reworked trunks (bog 
oaks) dating from the Neolithic (2508-2272 BC and 2942-2610 BC by dendrochronology, 
Salisbury, 1984). 
3.5.4 Extractioll techlliques 
The channel deposits were exposed in the quarry during work to evaluate a Bronze Age log 
boat in April 2004 (plate 3.6) and three visits were made to the site to extract material for 
analysis. Five monoliths of variable length from 180 to 60cm were extracted, at 10cm 
resol ution (55 samples in total). The positions of the monoliths were located in order to 
achieve a representative cross-section of the palaeochannel and differential GPS 
measurements were taken where possible to record location and elevation. Monolith A's 
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position was recorded using a hand held GPS, at 4m resolution, as the differential GPS was 
not available at the time of extraction. 
Total station surveying techniques were employed to locate the position of the log boat. A 
field map of the channel was provided by Dr. C. Salisbury and accurate GPS measurements 
plotted (Figure 3.5). Extensive field notes of the stratigraphy and digital photos were taken 
for records (see Plates 3.7 - 3.11). Monolith C was located at the maximum visible depth of 
the channel and was the closest to the log boat site (plate 3.7). It was not poss ible to 
excavate closer to the log boat because of quarry and archaeological constraints but 
environmental samples for insect and plant macrofossil analysis were taken from the inside 
of the boat by Birmingham Archaeology. 
The bottom of Monolith C did not reach the channel base as water seepage into the trench 
did not permit deeper excavation. The depth of the log boat was calculated from total 
station measurements and was approximately 20cm lower than the base of Monolith C. 
Monolith D was taken alongside steps close to the log boat (Plate 3.10). Monoliths A and E 
were taken close to the observed edges of the channel as possible, to coincide with the 
channel margins (Plates 3.8 and 3.11). 
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Figure 3.5 Site Plan of palaeochannel at Aston on Trent (AOT) with positions of monoli ths marked. 
C. Salisbury April 2004 (Note GPS accuracy for Monolith A is 4 metres) 
Samples of approximately Skg were extracted at 10 cm intervals from top to bottom of each 
monolith, double bagged, labelled and stored in field damp conditions in an outside store 
(Greenwood el ai. , 2003). Two Skg buckets of material (mixed layers) were also taken 
from the area of Monolith 0 to allow experimentation of techniques for optimal extraction 
of subfossi l insect remains. 
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Monolith B 
Monolith B consisted of a short section cut down into a sand bank, extracted close to 
Monolith C (approximately 2 metres south) but in the corner of the machine excavated face 
(Plate 3.9). This was taken in order to investigate the possible di fferent environment 
illustrated by the stratigraphy but on processing, was found to contain very few insect 
sclerites and hence was not included in the subsequent analysis. 
Plate 3.7 Monolith C, centre section , with gravel horizon indicated 
Gravel hori zon 
(matrix 
supported) 
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Plate 3.8 Monolith A before commencement of sampling April 2004 Plate 3.9 Monolith B approximately 2m to left of Monolith C, showing sand bank 
Shelly 
horizons 
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Plate 3.10. Monolith D after excavation showing sand at base and two shelly Plate 3.11 Monolith E showing long vertebrate bone at 85cm on left 
horizons 
3.5.5 Processing 
Initial Studies 
Preliminary investigations were carried out on bulk samples containing mixed layers of 
material from Monolith D. This was to establish the most efficient method of extraction of 
subfossil remains for each of the three groups, Coleoptera, Trichoptera and Chironomidae. 
Paraffin floatation has previously been used to r Coleoptera, sieving at 300llm (Coope, 
1986) and Trichoptera, sieving at 125/lm (Greenwood et 01., 2003) but is not routinely 
employed for Chironomidae. Chironomid head capsules are present in large numbers in 
lake sediments and have only recently been noted as being present in any quantity in fluvial 
sediments (Gandouin et 01. , 2005). Since the head capsules of Chironomidae are also 
chitinous, it was proposed to use floatation as an extraction method for all three groups, 
reducing the sieve mesh size to 90llill to ensure that the smallest head capsules would not 
be lost. This methodology has recently been employed in the extraction of chironomid head 
capsules from lake sediments, using ethanol instead of water, but only for small samples 
(Roll and and Larocque, 2007). A method of mechanical sieving was introduced in order to 
facilitate the breakdown of the sediments prior to floatation. This was tested in order to 
establish its possible destructive effects on the subfossil remains. Ultrasound has been used 
to assist in the extraction of chironomid head capsules from carbonate lake sediments (Lang 
et al. , 2003) and was also tested as a possible means of assisting extraction. Divisions of the 
sample into several fractions for separate analyses were made on the basis of the initial 
studies outlined below. Each method was then tested for repeatability to ensure consistency. 
The samples were initially weighed and the volume recorded by di splacement to the nearest 
0.05L. An estimate of colour was determined by use of Munsell soil colour chart on wet 
samples. All samples are then soaked overnight for a minimwn of 12 hours with 2% 
sodium hexametaphosphate to aid disaggregation, mechanically sieved to further 
disaggregate, wet sieved at 90/lm to remove the fine fraction and processed by paraffin 
floatation (Coope, 1986). Floating insect sclerites or fragments were collected over a sieve 
at 90llm, washed with detergent and stored in 70% IMS. A full method for the parafftn 
floatation is given in Appendix lA. For enumeration purposes during the initial tests, 
sclerites were divided into categories; elytra (Coleoptera), other identifiable beetle parts 
such as pronota and heads, mandibles (mostly Trichoptera but includes Coleoptera and 
Sialis sp.), the Trichoptera frontoclypeal apotome, Chironomid head capsules larger than 
0.4mm and Chironomid head capsules smal ler than O.4mm (the width of one forceps 
blade). 
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Repeatability 
Two sub-samples, each weighing I kg were floated without uSLDg the mechanical 
disaggregation method. Statistical methods were employed to see whether they could be 
considered equivalent. A paired (-test of the results indicated that they were from the same 
population (t = -2.5 (5 OF) assuming the null hypothesis that the populations were not 
related p = 0.054). The graph in Figure 3.6 also shows that the natural variability in each 
sclerite group is quite high between floats and has a maximum of 24% for the Trichoptera. 
The variability between samples for other groups of sclerites was less than 20%. 
180 
160 
I/) 140 ~ ' 0 Sample 11 
~ 120 Cl) • Sample 2 U 
I/) 100 
.... 
0 80 ~ 
Cl) 
.c 60 E 
~ 40 z 
20 
0 
.. ~.~ ," ~ .... ~ 1;0 0~ if' ~ .t>~ · b~ .'" 
. !SO <!' '0 ~ .. ", a., 
.. 0 
.J>"" ,,-'" .",'" .", 
c,";> c,";> 
Figure 3.6 Graph to show number of sclerites derived from two samples processed identically for 
repeatability test. (Elytra=coleopteran elytra) 
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Figure 3.7 First ultrasound test using two O.4kg samples from Barton-under Needwood (BUN) 
Number of sclerites are grouped by type and related to treatment time.(Elytra=coleopteran elytra) 
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The initial ultrasound tests were carried out using a frequency sweep machine (Decon 
FS J 00). The power of this machine was fixed and the treatment times of 0 and 2 minutes 
were thus estimated for the first tests. Treatment times of 2 minutes considerably reduced 
the number of sclerites extracted, particularly for the small chironomids (See Figure 3.7), 
thus implying destruction of material. 
The first test was carried out on material previously collected from another site and stored, 
but known to contain sclerites from previous floatation exercises. A second test using 
shorter ultrasound treatments was then carried out on a larger sample of material from 
Aston on Trent (2.Skg). The sample was divided into four equal volumes and a range of 
shorter ultrasound bursts at 0, IS , 30 and 45 seconds were used. IS seconds treatment 
produced an increase of 23.9% in small chironomids, and 30 seconds, an increase of32.6%. 
Both IS and 30 seconds also showed a decrease in the abundance of Trichoptera 
frontoclypea recorded (14.7% and 46.7% respectively) and a small increase in coleopteran 
elytra (14.3% for IS seconds and 5.4% for 30 seconds, Figure 3.8). 45 seconds ultrasound 
treatment reduced all sclerite numbers except for a very slight (1.8%) increase in 
coleopteran elytra. 
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Figure 3.8 Second ultrasound test results grouped by fragment type and by ultrasound treatment 
time using 2.5 kg sample from Aston on Trent. (Elytra=coleopteran elytra) 
Mechanical sieving 
To assist the physical breakdown of the samples, a mechanical apparatus was devised, built 
and tested using the bulk samples from Monolith D. The apparatus consists of a metal sieve 
clamped above a bowl. The sieve arm was attached to a small motor which, when activated, 
conveys a variable amount of vibration to the sieve, controllable by a switch. During 
operation, the main part of the sieve, containing the sample is below the water level in the 
bowl (see Plate 3.12). Sieving continued until the entire sample passed through or contained 
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large particles which were retained in the sieve. The floatation method was applied to two 
I kg sub-samples, one with and one without prior mechanical sieving. The results were 
counted in terms of whole and half sclerites to determine the effect of the sieving on the 
material. Sieving appears to slightly increase the proportion of small chironomids (Figure 
3.9,3.10) but decreases coleopteran elytra. However the variability was less than 10% in 
one test which is less than the natural level of variability between samples (+/- 13.4%) seen 
in the repeatability experiments (Figure 3.6). The variability between tests was also greater 
for the half sclerites, with one test showing 25% variation and the other less than 10% 
(Figures 3.11 , 3. 12). This wide range may indicate that breakup of the sclerites is not due to 
the mechanical sieving but occurs randomly during processing or during deposition. 
-
Plate 3.12 Apparatus used for mechanical sieving of samples 
Conclusions of initial tests 
On the grounds of practicality, ultrasound treatment of Skg of sediment would add 
considerably to the processing workload and was seen to reduce the number of Trichoptera 
extracted and it was therefore discounted as a processing method. The natural variability 
between samples was up to 24% for the Trichoptera and mechanical sieving did not 
produce variation larger than this level , therefore it was decided to use mechanically 
assisted sieving for all the samples. This produced the maximum number of fragments with 
minimum destruction of any single group and speeded up processing. Initially I kg was 
processed which provided adequate numbers of sclerites of all three groups and the 
remainder of the samples were stored for future investigation. 
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3.5.6 Analysis of subfossil fragments 
Trichoptera subfossil frontoclypea were identified to family and where possible to species 
level, using a Zeiss microscope at up to 45 times magnification. Comparison was made 
with the Freshwater Biological Association keys (Edington and Hildrew, 1995; Wall ace et 
al. , 2003) and the photographic reference collections of Trichoptera frontoclypea compiled 
by M. Greenwood from the collections of Peter Hiley and John Philipson. Trichopteran 
taxonomy follows Bamard, 1985. The chironomid head capsules were compared with 
various reference texts (e.g. Wiederholm 1983; 01iver and Roussel, 1983; Cranston 1982; 
Brooks and Rieradevall 2001). Taxonomy for the Chironomidae follows Brooks et ai., 
2007. Coleopteran identification was by comparison with the reference collections at 
Birmingham University and the Leicestershire Museum collection at Barrow on Soar, 
together with the use of texts (Hansen, 1987; Holmen, 1987; Nilsson and Holmen, 1995; 
Harde, 1998; Friday, 1988). Taxonomy for the Coleoptera follows Lucht, 1987. Expert 
assistance was sought from the appropriate specialists in difficult cases; Or D. Smith 
(Birmingham Archaeology) for the Coleoptera, M. Greenwood (Loughborough University) 
for the Trichoptera and S. Brooks (Natural History Musewn, London) for the 
Chironomidae. Contemporary data for the study area on the local distribution of the 
Trichoptera only was used for analysis of the community structure in each monolith. This 
was obtained in the form of local studies available at Loughborough (G. Fretwell and C. 
Hobday, pers. comm.). 
The ex tracted material was stored in small glass tubes in 70% {MS. Chironomid head 
capsules were stored separately from Coleoptera and Trichoptera for later examination. 
Trichoptera frontoclypea were mounted on glass slides in water soluble Hoyer' s mountant 
for identification, and photographed on a Zeiss microscope with digital camera attachment, 
up to x 65 magnification, with images stored in Adobe Photoshop Elements as jpeg files. 
Idelltification of the Family Limnepllilidae (Tric/lOptera) 
The Limnephilidae are a large family of the order Trichoptera, with 58 taxa and 21 Genera 
in the UK (Wallace et ai. , 2003). There are subfamilies which have been recognized in 
modem specimens based on features such as case composition, the number of gill filaments 
and the setae present on the femora (Hiley, 1976; Wallace, 1980). On this basis the 
LimDephilidae have been subdivided into groups A, B, C and 0 (Appendix 1 B). Within the 
tribes or subfamilies, the lack of differentiation between the frontoclypeal apotome of 
several taxa in the subfamily Limnephilini does not allow a species label to be attached 
with sufficient confidence to some of the extracted material from the palaeochannel. 
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There was also insufficient modem material avai lable for comparison in thi s group and a 
great deal of colour variation between specimens left more than one possible species 
solution for each specimen. Where modem examples were not available, it was therefore 
not possible to eliminate that species as a possible identification. In thi s case identification 
has been left at subfamily or Generic level. Two taxa in particular have been given Generic 
names in thi s respect. It was not possible to distinguish between Limnephilus lunatus and 
Limnephilus incisus on the basis of frontoclypeal markings alone. Simi larly the taxon 
which was quite abundant, labelled Limnephilus sp. villa/us type is indistingui shable from 
L. sparsus, L. griseus, L. ignavus and L. auricula by appearance. This species is visually 
most similar to L. villa/us due to the strong pining shown on the surface (trichose) and by 
overall shape and size. L. villalus is also commonly found in the catchment area of the 
Trent today. Reference examples of these taxa are shown in Appendix I C. 
3.5.7 Processing of sub fossil Cflirol/omids 
The ch i.ronomid head capsules extracted by the paraffin floatation method were found to 
contain large quantities of silt which obscUJed the mentum and other featu.res required for 
identification. By investigating treatment with an ultrasound generator (Fisherbrand 
FB 11 004), it was found that a small burst of high level ultrasound (100%) for about 5 
seconds was sufficient to clear most of the head capsules; but appeared to cause some 
destruction of the sample. A comparison was made of two sub-samples of 100 head 
capsules from level Monolith C 90-80cm, one sub-sample was treated with ultrasound and 
the other not. Grouping the results at tribe and subfamily level shows there is no significant 
difference between the two results (Figure 3.1 3). A two tailed paired I test carried out on 
the results at the highest possible identification level (species in some cases but at least 
Genus) gives P=0.574. Although this shows that the two populations were not stati stically 
significantly different, there are qualitative problems associated with the use of ultrasound 
after extraction. Identification to species level proved impossible in some cases where the 
relevant identification features had been destroyed, probably as a result of ultrasound 
treatment. The Tanytarsini, for example, require featUJes of the mandibles to di stinguish 
between them, many of which were detached by the effect of the ultrasound. 
Treatment with KOH and hot water (Brooks, 2006 pers. comm.) did not seem to produce 
any significant removal of sediment from the head capsules. Mounting of 100 head 
capsules per level (Quinlan and Smol, 2001) on slides in Euparal allowed most specimens 
to be identified to Genus level with a maximum of 5% obscured by debris in the critical 
region (particularly the mentum). This met110d resulted in a representative sample without 
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undue bias. Identification to species level in exceptional circumstances depended mainly on 
the available identification guides and was only possible in a few cases. Modem 
identification guides such as Wiederholm (1983) mainly rely on a variety of key body 
features not usually present in subfossi l material. Where samples did not contain 100 head 
capsules, all those avai lable were mounted. 
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Figure 3.13 Effect of ultrasound on Chironomid head capsules after extraction at Tribe/subfamily 
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Figure 3.14 Comparison of repeat sub-samples of Chironomidae identified at Tribe/subfamily level 
Samples of greater than 100 head capsules were sub-sampled by placing the entire sample 
in a Petri di sh and using a grid system. Head capsules in random squares were picked and 
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each square completely cleared until sufficient numbers were achieved. The sub-sampling 
method was tested for repeatability on one sample (Monolith C 10-Ocm) which contained 
enough head capsules for two sub-samples to be taken. A two tailed t test of the resulting 
populations gave P=0.9, which is not considered significant. Little difference is seen in the 
numbers at the Tribe/subfamily level (Figure 3.14). All diagrams are depicted as a 
percentage of the total head capsules mounted. 
Identification of the subfamily Tanytarsifli (Chironomidae) 
Identifi cation of the subfamily Tanytarsini (F. Chironomidae), to species using features of 
the head capsule alone remains a challenge to current workers in the field . Consultation 
with S. Brooks of the Natural History Museum, London, gave the consensus that the 
species here labelled Taflytarsus pallidicornis ' type was similar to this species found in 
lake sediments, but not identical. The S I setae were branching but exhibited multiple 
branches in excess of that shown by Tanylarsus pallidicornis type (see photo in Appendix 
1 C). The antelmal pedestals were consistently narrowed towards the top and the post 
occipital arch and plate were narrow. The species present is therefore likely to be related to 
Tanytarsus pallidicornis but not identical. 
3.5.8 Loss On Ignition 
Loss on ignition was used as a representative method for estimating the organic carbon 
content of the samples (Dean, 1974). There has been some debate as to whether significant 
amowlts of water are lost from the crystal structure of fine sediment particles during the 
process, thus questioning its use as a quantitative tool (Santisteban et aI. , 2004). Heating 
for 16 hours at the lower temperature of 375 °C reduces thi s loss (Boyle, 2004) but 
underestimates the organic content due to incomplete combustion (Heiri et aI., 2001). 
Heiri et al. , (200 1), suggests that there is a laboratory-specific pattern in LOI results but 
that the within laboratory variation for a given sediment is small. Loss on ignition remains 
a useful and easily comparable qualitative estimate of carbon content for the purposes of 
this thesis, where samples do not contain high levels of clay minerals. LOI was conducted 
by burning samples of a similar weight at 550°C for 2 hours in a muffle furnace in ceramic 
crucibles. Three small samples of about 50g from each level were first dried overnight at 
105°C and weighed after cooling in desiccation chambers. Calculation of percentage loss 
on ignition was as follows (dry weight assumes weight of crucible removed): 
Percentage LOI = «Dry weight - burned weight)/dry weight) x 100 
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This process was undertaken for all 55 levels from Aston on Trent. Values for Monoliths 
A, C, D and E are given in the results section. 
3.5.9 Particle size analysis 
Particle size analysis has been carried out on the minerogenic component of all samples 
using a Coulter LS230 machine, which has been demonstrated to give highly reproducible 
results with short analysis times (Blott et ai., 2004; McTainsh et ai. , 1997). Samples were 
pretreated with 30% hydrogen peroxide to remove the organic content and wet sieved at 
2mm to remove any sediment too coarse to be machine analysed. Where a significant 
amount of coarse material (>2mm) was present (more than one or two pebbles), the 
material was dried, sieved and weighed to give a percentage gravel fraction . 
Initial tests showed that taking a sub-sample of suspension containing all particle sizes 
<2mm, using a mechanical stirrer and a pipette, at a known depth, did not give an accurate 
representation of the particle sizes present (McTainsh et ai., 1997). This method 
considerably underestimated the coarser sizes and excluded those over 500~m. A process 
of particle size division at 125 ~m was necessary to achieve the required representation. In 
order to avoid using a mixture of different methods for the same sample (laser particle size 
and sieving) the following procedure was devised and a small amount of Calgon used as a 
dispersant (Blott et ai. , 2004). Wet sieving at 125~m gave two samples; the sub-sample 
> 1 25~m was dried and weighed and then the entire sample analysed by the Coulter LS230 
particle size analyser. The sub-sample < 1 25~m was analysed using the Coulter LS230 by 
further subsampling from a continuously mechanically stirred suspension in distilled water, 
repeated three times. The remaining <125iJ.m sample was then dried and weighed to give a 
weight percentage less than 125~m. Graphs for each fraction were plotted using the Coulter 
LS230 software and are presented in Appendix 2A. There was some overlap in the particle 
sizes measured as the laser analysis method represents particle sizes as larger than those 
achieved by sieving, which measures the mininlUm dimension of the particles. 
3.5.fOAMS Ne Dating 
Three samples, for AMS 14C dating have been obtained from Monolith C, and one each 
from Monoliths A, D and E. These are at levels Cl 80-1 70, C l 10-100, C90-80, AIIO- IOO, 
D II 0-1 00 and E90-80. These levels were chosen in order to establish a date for the base of 
each monolith and to estimate the length of time represented by any possible hiatus at the 
gravel horizon in Monolith C. Only land plant material and seeds developed aerially were 
used, such as Schoenoplectus and an acorn, to el iminate any hard water contamination 
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effects (Greenwood et ai. , 2003). Samples were sieved at 250flm using distilled water to 
rninimize any contamination and hand picked at x7 using a Zeiss binocular microscope. 
The material was then oven dried overnight at 40°C, weighed, stored in sterile glass vials 
and sent to Beta-Analytic Inc. in the USA. Two dates for the section have also been made 
available from Birmingham Archaeology along with 2 dates for the log boat itself. 
3.6 Statistical analysis techniques 
The large volume of data derived from this study has necess itated the use of statistical 
techniques in the pursuit of an order and to derive trends, or inferences, which may be 
present. The data from the study is multivariate in nature in that each sample level in the 
palaeochannel section has many attributes (Gauch, 1982). The Statistical Package for 
Social Sciences (SPSS version 12) has been used to obtain summaries of the data and to 
perform descriptive statistics such as mean, standard deviation and analysis of variance 
(AN OVA). The data was assessed for its conformation to the parameters required for the 
test conditions, such as normal distribution and homoscedasity of variances. Most of the 
abundance information was found to be skewed towards the lower levels and hence was 
transformed (I0glO + I) prior to further analysis, thus giving greater weight to the 
community as a whole and less to individual taxa (Wood, 1997). 
Multivariate techniques within the program CANOCO 4.5 (ter Braak and Smilauer, 2002) 
were performed on the data in order to establish any underl ying biotic or environmental 
trends. Three methods have been used in order to achieve thi s. Detrended Correspondence 
Analysis (DCA) was used on the individual macroinvertebrate groups (Coleoptera, 
Trichoptera and Chironomidae) and for a combination of all three groups. This indirect 
ordination technique uses weighted averages applied to the data matrix, deriving sample 
scores from the species scores and weights, or vice versa (Kent and Coker, 1992). The 
analysis therefore devises theoretical variables in order to maximize the dispersion of the 
species and sample scores on multiple, independent (uncorrelated) axes (ter Braak, 1995). 
Any environmental gradients can then be further examined to identify what they represent. 
Principle Component Analysis (PCA) by indirect ordination was applied to the 
environmental variables. PCA is a form of eigen vector analysis which uses calculated 
component loadings in a correlation coefficient matrix. The resulting eigenvalues are a 
measure of the total variance in the original data explained by each of the principle 
components (Wood, 1997). The technique of Canonical Correspondence Analysis (CCA) 
was used to relate sedirnentological parameters such as percentage of each sediment type 
found per level to the biological data in temlS of abundances of Coieoptera, Trichoptera 
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and Chironomidae. This analysis combines the two data sets usmg a combination of 
correlation and regression resulting in an ordination based upon the variability of both data 
sets (Kent and Coker, 1992). The significance of each of the sedimentological variables 
was then tested by using forward selection and by means of a Monte Carlo permutations 
significance test. This generates a specified number of random possibilities (999 used here) 
and calculates the probability of a relationship between the taxa and the environmental 
variable selected, based on the likelihood of this occurring in the random data (ter Braak 
and Smilauer, 2002). 
3. 7 Summary 
This chapter has described the methodology and rationale behind the methods employed in 
the research, in terms of tbe specific field techniques used during both the palaeochannel 
sampling and the modern taphonomic study in the Ri ver Soar. It has outlined the 
identification procedures used for each subfossil group and the statistical techniques used 
to analyse the resulting data. There is a description of the methods used for particle size 
analysis and organic carbon determination (%LOI). The results of the initial tests of the 
extraction techniques, in terms of repeatability, use of ultrasound and mechanical sieving 
are also given. The following chapter presents the results of the modern river taphonomic 
study. 
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4 Modern River Study Results 
4.i introduction 
With the exception of fish, invertebrates are the most frequently studied and most diverse 
group of animals in the lotic environment (GWer and Malmqvist, 2002). Since 
invertebrates make up such an important part of the lotic fauna, their preserved remains 
will inevitably form a large part of the available material for palaeoenvironmental study in 
riverine sediments. Trichoptera are found abundantly in a great variety of environments 
with in excess of 9600 species worldwide (GilIer and Malmqvist, 2002) and 196 taxa listed 
in Great Britain, the majority of which have aquatic larvae (Wall ace, 1991). Because of this 
wide aquatic distribution, and relative ease of identification, they have been selected to 
represent the subfossil populations within the pa1aeochannel study and to model the 
taphonomic processes (biostratinomy) occurring in a modem river environment. These 
modem processes can then be compared to the observed distribution of fragments in 
palaeochannel deposits and thus help validate the use of the contemporary flow index in 
palaeoenvironmental reconstruction. The resulting analysis of the sclerites in tenns of 
abundance and number of taxa present in relation to the river flow velocity will enable an 
analysis of the spatial distribution within the river channel. The addition of information 
from four freeze cores in the same channel gives a temporal dimension and allows the 
identification of any changes in the environment in the past. 
The study of the River Soar reach at Cotes Mill was designed to compare the taphonomic 
remains with the live trichopteran fauna in the river recorded at 5 week intervals over a six 
month period. The results of this study, the concurrent sediment analysis and flow 
measurements are presented here. The results are presented by sample type: 
1. Taphonomic fragments from the sediment traps (Taphonomic), 
2. Live fauna colonising the traps (Live), 
3. Live fauna from the kick samples (Kick) and 
4. Tapbonomic fragments from the freeze core samples (Core). 
Tbe name in brackets defines the sample type which will be used in the fo llowing text. 
Data are presented on: 
• The abundance of Trichoptera and number of taxa for each sample type III 
association with flow; 
• Sediment analysis in relation to flow velocity and organic content (%LOI); 
• Multivariate analysis of environmental variables and species data to investigate 
possible environmental gradients; 
• Resu lts of LIFE score analysis for freeze cores. 
82 
4.2 River conditions during the study period 
Plate 4.1 Steep East bank (2) of the River Soar at the study reach (far side) in July 2005 
A general description of the study reach can be fo und in the Methodology chapter (section 
3.4.1 ). There are gentle slopes into the water on the West bank ( I) and a gravel bank 
extends approximately half the channel width. On the East bank (2) the slopes are steeper 
(Plate 4.1) and the substrate then changes to the bedrock - Mercia mudstone, with a 
covering of organic macrophyte detritus. The profil e here is steeper and majori ty of the 
instream macrophytes grew here (Plate 4.2; Appendix 31). 
Plate 4.2 East bank (2) of River Soar, showing trap positions (S2, M2, F2) and growth of instream 
macrophytes in July 2005. 
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Growth of the foliage throughout the study period modified the flow over the sediment 
traps. After three months the level of the river had lowered and S I traps (West bank) had 
become exposed. The traps were moved into other areas of equivalent flow but at greater 
depth. At the end of the second month some fast flow traps on the East bank experienced 
erosion due to high flow levels (one had been swept away) . As time progressed some of 
these traps (S2, M2) were partially shielded by macrophyte growth. 
4.3 Distribution of taxa 
A total of30 Trichoptera taxa representing II families were identified from the sediment 
traps, kicks and cores during the 6 month study period (Figure 4.1, Table 4.1). 
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Figure 4.1 Log abundance of Trichoptera from River Soar; by family (total for all sample types) 
The fauna was dominated by Hydropsyche contubernalis, which was found in large 
numbers at all sites. H pellucidula was the second most common taxon. Polycentropus 
j/avomaculalus and Tinodes waeneri are also abundant with Hydroplilidae, Hydropsyche 
anguslipennis and Molanna anguslala less abundant. These taxa account for 95.7% of the 
Trichoptera found and occur in all four sample types (Table 4.1). 
There was considerable seasonal variability in both abundance and number of taxa found 
each month in both the live and taphonomic samples, (Figs 4.2) due to the lifecycle of the 
Trichoptera observed in the study. Some months, notably June and July, produced a large 
number of small instars of both Hydropsychidae and Leptoceridae which were not 
identifiable beyond family level. 
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Kick samples Live in box Taphonomic in box Cores 
Hydroptilidae (Hydroptila sp.) Hydroptilidae (Hydroptila sp.) Hydroptilidae (Hydroptila sp.) Tinodes waeneri 
Tinodes waeneri Tinodes waeneri Tinodes waeneri Cyrnus flavidus 
Polycentropus flavomaculatus Neureclepsis bimaculata Cymus trimaculatus Polycentropus flavomaculatus 
H. angustipennis Polycentropus flavomaculatus Polycentropus flavomaculatus Polycentropodidae indet. 
H. contubernalis Polycentropodidae indet. Polycentropodidae indet. H. angustipennis 
H. pellucidula H. angustipennis H. angustipennis H. contubernalis 
Hydropsyche sp. H. contubernalis H. contubemalis H. pellucidula 
Molanna angustata H. pellucidula H. pellucidula Hydropsyche sp. 
Athripsodes albifrons Hydropsyche sp. Hydropsyche sp. Phryganeal Agrypnia sp. 
Athripsodes cf. bilineatus Phryganea grandis Phryganeal Agrypnia sp. Lepidostoma hirtum 
Athripsodes cinereus Goera pilosa Limnephilus decipiens Halesus radiatus 
Athripsodes sp. Molanna angustata Limnephilus stigma Potamophylax latipennis 
Ceraclea dissimilis Athripsodes aterrimus Goera pilosa Anabolia nervosa 
Ceraclea senilis Athripsodes cinereus Molanna angustata Limnephilus decipiens 
Mystacides longicornis Athripsodes sp. Athripsodes cinereus Limnephilus fusicomis 
Ceraclea dissimilis Ceraclea nigronervosa Limnephilus rhombicus 
13 Ceraclea senilis Ceraclea senilis limnephilidae indet. 
Mystacides azurea Mystacides azurea Goera pilosa 
Mystacides longicomis Mystacides longicornis Sericos/oma personatum 
Leptoceridae Molanna angus/ata 
Athripsodes aterrimus 
17 17 Athripsodes sp. 
Ceraclea senilis 
Mystacides azurea 
Mystacides longicornis 
21 
Table 4.1 List of taxa recorded from River Soar for each sample type 
4.3.1 Taphonomicjragments 
A total of 17 taxa were found in the taphonomic samples. Total abundance was based on 
the numbers of the frontoclypeal apotome present for each taxon. Abundance data was 
transformed (IoglO + 1) prior to analysis due to the low number of specimens in a number 
of samples. Overall there was seasonal variation in the abundance data with the max imum 
number of sclerites occurring in June (Figure 4.2) 
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Figure 4.2 Log abundance of Trichoptera taphonomic fragments in boxes for each month (River 
Soar). N ~ 18 samples per month. 
The readings for the benthic flow measurements were divided according to flow rates into 
fast, medium and slow flow groups. This was achieved by dividing the range between the 
maximum and minimum values in to three equal parts (0-0.32 m S·l, 0.33-0.64 m S· l and 
>0.65 111 S· I). Plotting the log abundance of fro ntoclypea for measured benthic fl ow group 
indicated that there was a significant di fference (ANOYA p<O.OS) between the higher fl ow 
velocity group, where abundance was reduced, and medium and slow flow velocities (Fig 
4.3). This was not the case using the 0.6 x depth flow measurements (ANOY A p>O.S) or 
the site location designated by eye as fast, medium or slow (ANOYA p>O.S). This is also 
refl ected in the variation in the number of taxa present (Figure 4.4) 
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Figure 4.3 Log abundance of Trichoptera taphonomic fragments in traps, grouped by benthic flow 
group (River Soar) . (Slow=O·O.32 m s", Medium=0.33-0.64 m s", Fast= >0.65 m 5" ) 
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Figure 4.4 Number of taxa; Trichoptera taphonomic fragments recorded in traps, grouped by 
benthic flow velocity group (R. Soar). 
(Slow=0-0.32 m 5", Medium=0.33-0.64 m s", Fast= >0.65 m 5" ) . 
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4.3.2 Livefaunafrom traps (boxes) 
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Figure 4.5 Log abundance of live Trichoptera recorded in traps (boxes) grouped by month (R. 
Soar). 
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Figure 4.6 Log abundance of live Trichoptera recorded in traps (boxes) grouped by site in river (R. 
Soar) . (S=slow, M=medium, F=fast flow, 1 =West, 2=East) 
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The total number of taxa found live in the traps was 17, which is identical to the number 
found in the taphonomic samples. The abundance of Trichoptera found living in the traps 
showed the same seasonal pattern as the taphonomic fragments, with the maximum 
numbers found in June (Figure 4.5). Log transformation of abundance was once again used 
to normalize the distribution. Analysis of the abundances by site in the river showed a 
difference between the two banks (Figure 4 .6). On the West side ( I), where the gravel bank 
is situated, the abundance follows the increase in the flow rate but on the East side (2), 
where tbe vegetation grew substantiall y during the year, the abundances were fairly 
constant. ANOVA showed a significant difference between sites SI and Ml (P<O.OS), and 
S I and Fl (P<O.OS). 
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Figure 4.7 Log abundance of live Trichoptera recorded in traps by benthic flow velocity group (R. 
Soar) . (Slow=0-0.32 m s·', Medium=0.33-0.64 m 5·' , Fast= >0.65 m s·,) 
Analysis of abundance using the benthic flow velocities showed that there was a 
considerable reduction at fast flow ve locities. There was a significant difference (ANOV A 
P<O.S) between medium and fast flow velocities (Figure 4.7). No significant difference was 
seen for the 0.6 depth measurements (ANOV A P>O.S). 
A comparison of the abundances of Trichoptera taphonomic fragments and live fauna from 
the traps shows that the two sample types are broadly comparable, with no significant 
differences between them in any of the three flow velocity groups (Figure 4.8). Reduced 
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abundances were recorded at higber flow velocities in both the live fauna and taphonomic 
Figure 4.8 Comparison of Trichoptera abundance for live and taphonomic fragments (R. Soar) . 
(Slow=0-0.32 m s" , Medium=0.33-0.64 m s" , Fast= >0.65 m s·,) 
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Figure 4.9 Comparison of variation in number of taxa for live and taphonomic fragments (R. Soar) . 
(Slow=0-0.32 m s", Medium=0.33-0.64 m s", Fast= >0.65 m s·, ) 
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A similar comparison for number of taxa in the traps (both live and taphonomic) also 
shows comparabi li ty at medium and fast flow rates, however significantly lower numbers 
of live taxa are found at slower benthic velocities compared to the taphonomic fragments 
(ANOVA P<0.5, Figure 4.9). 
4.3.3 Live/auna/rom kick samples 
Higher numbers of Trichoptera were found in the kick samples taken closer to the West 
bank (1) when compared to the East bank (2), however the difference was not statistically 
significant (ANOVA P>0.5), (Figure 4.10). The majority of the macrophyte growth was 
found close to bank 2 which may have affected Trichoptera abundance. A comparison of 
Trichoptera abundance across the three benthic flow velocity groups shows that greater 
numbers were found at higher flow velocities although the differences seen were not 
statistically significant - ANOVA P> 0.5 (Figure 4.11 ). 
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Figure 4.10 Variation in log abundance of Trichoptera in kick samples with river bank (R. Soar). 
(1 =West, 2=East). 
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Figure 4.1 1 Log abundance of Trichoptera in kick samples glouped by benthic flow velocity rates 
(R. Soar). 
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Figure 4.12 Comparison of taphonomic, live and kick sample log abundances grouped b~ benthic 
fiow velocity rates (R. Soar) . (Slow=0-0.32 m s", Med=0.33-0.64 m s" , Fast= >0.65 m s' ) 
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When grouped by benthjc flow velocity, all three sample types (taphonomjc, li ve and kick) 
show broadly similar abundances for the slow and medium velocities (Figure 4.12). The 
abundances for the kick samples are significantly higher than for either the taphonomic or 
live samples at rugher benthic flow velocities (ANOVA P<O.5). 
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Figure 4.1 3 Comparison of number of taxa in laphonomic, live and kick samples with benthic flow 
velocity groups (R. Soar). (Slow=0-0.32 m s", Medium=0.33-0.64 m s" , Fast= >0.65 m s" ) 
Comparison of the numbers of taxa present for each flow velocity group shows that 
compared to the trap sampling methods, the kick samples have a higher number of taxa 
present in the medium and fast flow groups (Figure 4.13), however the number of taxa 
recorded overall is lower for the kick samples (13, Table 4.2). Overall the total number of 
taxa for the live and the taphonomic samples is 17. The kick samples at faster flows were 
collecting taxa from a wider range of habitats because the methodology involves sampling 
a larger area than the sediment box, which was a fixed area but the sample boxes are 
collecting taxa for a longer period of time (over 5 weeks) whereas the kick sample time is 
only three minutes. It should be noted that not all taxa are represented in each sampling 
group, although the most abundant groups such as the Hydropsycrudae are present in all 
sample types. 
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4.3.4 Tap/tonomicfragmentsfrom cores 
Sampling was carried out in the accretionary environment of a gravel bank within the study 
reach. The taphonomic fragments from the freeze cores were examined at 10cm depth 
intervals, which is approximately equal (0 the depth of the sediment boxes. Each layer 
therefore represents a time slice from the bed of the river. No dating control was carried out 
on the freeze core but samples of brick from the base of the cores indicate that the age of 
the deepest samples could range from modern to 700 years, given the presence of 
archaeological remains spanning the peri od from the medieval to the 20'h century, in the 
vicinity. The abundance of fragments was seen to vary with depth in the cores and between 
cores (Figure 4.14). 
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Figure 4.14 Abundance of Trichoptera with depth in all freeze cores (R. Soar). 
As there was considerable variation in the volume of material from each level, Trichoptera 
abundance was standardised by using the weight of gravel per core level. This achieves an 
abundance per-ki logram in order for comparison to be made down the section and with the 
box sanlpJes (Figure 4. J 5). The variation in weight is due to the uneven freezing of the core 
material during the sampling process as there is greater warming at the surface by flowing 
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water. Cores 1 and 2 passed into a layer of sand dominated sediment at the 70-50cm levels, 
whereas cores 3 and 4 consisted of entirely gravel dominated sediments. 
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Figure 4.1 5 Weighted abundance of Trichoptera (per-kg); with depth in all freeze cores (R. Soar) 
Overall abundance in freeze cores 1 and 2 is higher than for 3 and 4 when weighted by kg 
of gravel. There is a noticeable increase in abundance towards the base of cores 1 and 2 
which correlates with the change in sediment type to the sandy substrate. 
The overall number of taxa for the cores is higher than for any of the other sampling 
methods - 21 taxa were recorded (Table 4.3). Examination of the specific taxa recorded 
with depth across all four cores shows variation with increasing depth down the profile 
(Figure 4.1 6). From 50 to Ocm depth the fauna is dominated by Hydropsyche 
contubernalis, with smaller numbers of H. pel/ucidula, H anguSlipennis and Tinodes 
waeneri. From 70 to 50cm depth there is a distinct change in the faunal composition to one 
dominated by Anabolia nervosa and Hydropsyche anguslipennis, along with the 
appearance of a large number of other taxa not present at higher levels such as Limnephilus 
rhombicus and Molanna anguslala. 
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Figure 4_16 Variation in palaeoLlFE scores with depth in the freeze cores (R. Soar). 
An analysis of the palaeoLIFE scores for the Trichoptera within all the freeze cores 
indicates that there is a decrease with depth in the cores from 8.5 to 6.7 (Figure 4.17). This 
could indicate a change in community composition and hence a change in the 
environmental conditions in the past, related to flow velocity. 
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Figure 4.17 Variation in Trichoptera taxa and sediment type with depth for all cores combined (R. Soar) . 
4.4 Comparison of sampling methods 
The sampling methods can be compared in greater detail by analysing the abundances of 
individual families of Trichoptera (Figures 4.18, 4.19 and 4.20). The Lepidostomatidae and 
Sericostomatidae were only found in the cores and hence are not shown on the diagrams for 
the live or taphonomic fauna from the traps. 
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Figure 4.18 Comparison of abundances for the live and taphonomic samples from the traps, 
grouped by Family (R. Soar). 
The abundances of live fauna from the traps compare well with the taphonomic samples, 
with all families represented in both types, with the exception of the Linmephilidae which 
are not found in the li ve samples from the traps. A two-truled prured t test gives P=0.372 
indicating no significant difference between the two sample types. There were lower 
abundances of Molannidae and Phryganeidae in the li ve samples. Kick samples compare 
well with the taphonomic fragments for the higher abundance groups (P=0.294). The 
exception again is the Molannidae where numbers are lower in the kick samples. The 
Phryganeidae, Limnephilidae and Goeridae were not represented at all by the kick 
sampling. 
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Figure 4.19 Comparison of abundance for kick and taphonomic samples from the traps; by Family 
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Figure 4.20 Comparison of abundance of combined live and kick samples and taphonomic 
samples from the traps; by Family (R. Soar) . 
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By combining the two live sampling methods (trap and kick sample), representation is 
improved, (P= 0.584), but the Limnephi lidae are still not represented in the live sample and 
numbers of the Phryganeidae and Molannidae are still lower than in the taphonomic 
samples. However, all three t test results suggest that there is no statistically significant 
difference between the populations represented by all the sampling methods. 
4.5 Loss on ignition and sediment analysis 
At the end of each 5 week sample period, the weight of sediment «4mm) deposited in the 
boxes was measured in order to estimate the sediment deposition. This could then be used 
as an approximation of the mean flow velocity for the period. A comparison of the total 
sediment weight in the traps per month varied between the two banks (Figure 4.21). The 
West bank (I ) was depositing sediment into the traps in proportion to the estimated flow by 
eye designations. More sediment accumulated at fast flow than medium or slow flow. The 
East bank (2) was affected by the growth of the instream macrophytes and lower volumes 
of sediment were deposited here, although all three sites accumulated a similar total weight 
of sediment during the study period (Figure 4.2 1). This can be contrasted with the Loss on 
Ignition results per month which show an inverse trend (Figure 4.22). 
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Figure 4.21 Mean sediment weight per month in traps for each site (R. Soar) . 
(S=slow, M=medium, F=fast, 1=West bank, 2=East bank) 
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Figure 4.22 Mean Percentage organic carbon (LOI) per month for each site (R. Soar) . 
(S=slow, M=medium, F=fast, 1 =West bank, 2=East bank) 
A plot of organic carbon values against flow (0.6 x depth) in Figure 4.23 shows an inverse 
relationship when separated out by banle This is reinforced by a plot of the mean discharge 
over the period plotted against mean organic carbon values (Figure 4.24). The Ju ly organic 
carbon values appear lower because of di sturbance to the traps by movement of the 
macrophytes which had become uprooted during the period prior to the trap removal . 
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Figure 4.23 Organic carbon values for trap samples plotted against measured flow velocity (0 .6 x 
depth) and separated by bank (R. Soar). 
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Figure 4.24 Mean discharge per month for the River Soar plotted against organic carbon content 
for all traps 
4.6 Sedimellt/rom the Freeze Cores 
Sediment analysis for cores I and 2 showed a substatial decrease in coarse sediment 
percentage (>4mm) down the section from 87%-2 1 % in core I and 95% to 16% in core 2. 
This is concurrent with a large increase in sand (I 25f!m - I mm) from 8% to 59% in core I 
and 2% to 66% in core 2 (Figure 4.25). This represents a considerable change in 
sedimentary environment with depth in cores I and 2. 
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Figure 4.25 Distribution of sediment size fractions wi th depth for freeze cores 1 and 2 (R. Soar). 
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Cores 3 and 4 remained relatively constant in composition throughout the depth with 
between 70% and 88% gravel > 4mm. (Figure 4.26). 
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Figure 4.26 Distribution of sediment size fractions with depth for freeze cores 3and 4 (R. Soar) . 
4.7 Detrendet! Correspondence Analysis (DCA) 
DCA was carried out using CANOCO 4.5 (ter Braak and Smilauer 2003) on the Ri ver Soar 
faunal data to identi fy prevai ling biotic or enviro nmental trends/gradients within the data. 
When using a combination of the abundances for all sample types, a di stribution relating to 
sam pl ing method was indicated. Individual DCA analysis of fauna fro m each san1pling 
method was then carried out to eliminate this effect but showed no signi ficant gradient in 
the taphonomic and live samples. Results fo r the kick samples and freeze-cores only, are 
therefore presented. 
DCA Kick samples 
DCA analysis of the taxa from the kick samples was carried out. Eigenvalues are given in 
Table 4.2 and show that the first four axes accounted for 39% of the variance. 
Axes 1 2 
0.277 0.23 1 
2.770 2.044 
Cumulative percentage variance of species 16.0 29.4 
data 
Sum of all ei envalues 
3 
0.1 00 
2.309 
35.2 
4 
0.065 
1.958 
39.0 
Total 
inertia 
1.729 
1.729 
Table 4.2 Summary of eigenvalues and variance of species data for DCA of kick samples (R. 
Soar). 
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Figure 4.27 DCA species plot of Trichoptera taxa by LIFE group in all kick s am pies (R. Soar). 
Analysis of the kick sample taxa by LIFE group demonstrated a divi 
into two groups with the exception of a single specimen of Molanna 
on Figure 4.27). Here the Group 2 taxa (assoc iated with faster flow 
cm s- ') are clustered at the positive end of Axis 1, whilst Group 4 
very slow flow velocities or still water) are clustered at the negati 
Molanna anguslala, which is LIFE group 4, is 
sion amongst the taxa 
anguslala (labelled M 
velocities of 20 - 100 
taxa (associated with 
ve end (Figure 4.27). 
ssociated with sandy thought to be a 
substratum which may have influenced its position. 
DCA Freeze Cores 
Eigenvalues are given in Table 4.3 and demonstrate tha t the first four 
of the variance shown. An analysis of the results here, divided by dep 
and 2 demonstrate a clear division with depth. The community in the 
core is di fferent to that found in the bottom three (Figure 4.28). 
Axes 1 2 3 
Eigenvalues 0.754 0.469 0.343 
Lengths of gradient 4.718 3.345 3.654 
Cumulative percentage variance of species 20.0 32.4 41.5 
data 
Sum of all eigenvalues 
Table 4.3 Summary of eigenvalues and variance of species data for DCA 
(R Soar). 
axes account for 460/0 
th, shows that cores 1 
top four levels of the 
4 
0.158 
2.32 1 
45 .7 
Total 
inertia 
3.771 
3.771 
of freeze core samples 
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Figure 4.28 DCA species plot of Trichoptera taxa by depth in freeze cores 1 and 2 only (R. Soar) . 
(Note there is no value fo r 0-1 Gcm for core 2 as it contained no Trichoptera). 
This may be related to the change in sediment composition noted within the freeze-core 
itself and may therefore represent a change in substrate and flow regime at the time of 
deposition (Figure 4.15). There is little evidence of an environmental gradient when the 
resu lts are plotted according to the LIFE group (Figure 4.29). 
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Figure 4.29 DCA species plot of Trichoptera taxa; by LIFE group in all freeze cores (R. Soar). 
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Group 4 taxa are spread mainly across the length of Axis 1 from -I to +3. Group 2 taxa are 
spread from 0 to +5 on Axis 1, with Group I at +2, in the centre. A number of the Group 2 
Trichoptera, primarily Limnephilidae, HaieslIs radiallls, Limnephillls jUsicornis, 
Potamophyiax iatipennis and Sericosloma personatum, are grouped at the negative end of 
Axis 1. The family Limnephilidae is particularly associated with vegetation, by habitat 
preference, which may have influenced the result. 
4.8 DisclIssion 
The purpose of thi s modem study was to enable the modern and taphonomic distributions 
of the Trichoptera in a moderately large lowland river to be examined. This will then be 
compared to the results of the palaeochannel distribution from the River Trent (Chapter 
9.10). A variety of taxa (30) have been collected from the study reach over the study 
period. Considering the limited length of the study reach (50 metres), this represents 28% 
of the total for the catchment, which is estimated as 94 species by local survey (see Table 
7.8). 
The abundance and number of taxa represented by the taphonomic fragments within the 
boxes is very comparable to the live fauna from the traps at all flow rates (Figure 4.7). The 
actual combination of taxa present varies slightly, but 12 out of 17 taxa are found in both 
samples (Table 4.1). Other species such as Phrygania grandis (live) and Neureclepsis 
bimaclIiata (taphonomic) are represented by single specimens. Notably absent from the live 
taxa recorded from the sediment traps are the Limnephilidae, L. decipiens and L. stigma, 
both found in the taphonomic samples. The traps probably did not provide suitable habitats 
for these taxa because of the small area of the river bed represented and the lack of 
associated vegetation. The numbers of live fauna and taphonomic fragments are both 
reduced at high flow which may indicate flow preferences, with maxima and minimal flow 
velocities, amongst the live taxa concerned, not simply winnowing or removal of the 
taphonomic fragments after deposition. Maximum flow rates for Hydropsyche 
conlubernalis in Germany suggest an upper limit of 38.3 cm S·1 preferred flow velocity, 
measured at 3cm above the substratum (Brunke et al., 200 I). 
The variation in abundance within the kick samples demonstrates that the technique affects 
the results obtained. Low nwnbers of taxa, particularly those associated with vegetation, 
such as the Limnephilidae, reflect the difficulties of sampling within all the different 
habitats of the river reach, particularly those with abundant macrophytes. The larger area of 
river substrate disturbed by the method is reflected in the greater abundances ofTrichoptera 
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found at higher flow rates, where more may be carried into the kick net during a standard 
sample time due to the faster flow. 
The inverse relationship between organic carbon and both flow velocity and discharge 
demonstrates that less organic matter is deposited at higher flow rates (Figure 4.23, Figure 
4.24), which concurs with the reduced abundances in the taphonomic samples. This 
relationship is the inverse of that demonstrated by the mean sed iment weight, which 
increases with local flow velocity and mean di scharge values. Considerably larger volumes 
of sediment were deposited on the West bank, where flow rates were genera lly higher, 
compared to the East bank where flow rates were lower. The differences in sediment 
deposition between the two banks may also be related to the amount of instream 
macrophytes present at the sample locations as there was greater growth of macrophytes on 
the East than the West bank during the study period (Figure 4.19, Figure 3.1 ). 
Sample Total no. ofTrichoptera Number per kg 
Live in box 1346 5.29 
Taphonomic in box 2814 11.06 
Cores 2 14 6.72 
(Kick) (11 20) (31.11 per sample) 
Table 4.4 Abundance of Trichoptera per kilogram for each samp le type (R. Soar). 
A comparison of the abundance of Trichoptera from all sampling methods showed that 
(214) relative to the live fauna 
). When the weight of the gravel 
fference was reduced and core 
there was a drop in the numbers found in the freeze cores 
co lonising the traps ( 1346) and taphonomic samples (28 14 
111 the samples was taken into consideration this di 
abundances became comparable to the li ve fauna from the traps (Table 4.4) Core (6.72) and 
li ve (5.29) abundances per-kg are very similar. 
Taphonomic Live Kick Core 
Number of taxa 17 17 13 21 
Percentage of total 56.7 56.7 43 .3 70.0 
taxa found 
Table 4.5 Percentage of total taxa found in each sample type (R. Soar). 
The taphonomic samples have the highest abundance per-k g ( 11 .06) which may reflect the 
the period measured or inwash of 
eam, whi lst the live fauna only 
cumulative affect of moulting of Trichoptera instars over 
older or contemporary fragments from a larger area upstr 
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represents that which is living in silu on the gravel during the 5 week sample period. There 
is therefore a time-averaging effect in term s of abundance within the taphonomic samples 
as well as a greater effect ive area over which samples are collected. The total number of 
taxa in the cores (2 1) is also greater than in the other sample types, wi th a range of 13-1 7. 
This may also be the result of time-averaging over the duration of the accumulation of the 
sediment represented by each 10cm depth slice of the core. The length of time represented 
is unknown, as precise dating of core material was not possible within time and budget 
constraints and may represent a range from 5-100 years by estimation, but at least a period 
of time greater than the <I year represented by the box samples. This averaging effect may 
result in the taphonomic samples containing a more accurate record of the fa una of the river 
channel than either of the live sampling methods. In western Uganda crater lakes, 
representation by recent death assemblages was found to provide a more complete record 
of the local invertebrate communities than live samples taken from a vari ety of habitats 
(Rumes et al., 2005) . 
Core samples 1 and 2 clearly demonstrate a change in faunal composition wi th depth/time 
(Figure 4.17). The upper 50cm of the core is dominated by Hydropjyche conlubernalis, H 
pellucidula and Tinodes waefleri, found in all the other three sample types. The deepest 
20cm however is dominated by Aflabolia nervosa and H. anguslipennis with a larger 
variety of taxa present, including three members o f the Lirnnephilidae (L. decipiens, L. 
j usicomis and L. rhombicus) and Lepidosloma hirlum. Anabolia nervosa is thought to be 
associated with slower flowing water (Hickin 1967) and Hydropsyche anguslipennis is 
tolerant of higher pollution levels and slower flow velocities (5cm s") than other 
Hydropsychidae (Edington and Hildrew, 1995). This may indicate a slower flowing and 
possibly more organic rich history for this part of the River Soar. The palaeoLlFE scores, 
calculated for each IOcm level of the core, al so decrease with depth, which implies a 
reduction in flow veloci ty in the past (Figure 4. J 6). The DCA analysis of the Trichoptera 
taxa from the cores clearly demonstrates the di fferences in faunal composition with depth 
(Figure 4.28). Many of the taxa found in the cores, particularly at the greater depths, are not 
present in the contemporary samples found in the boxes or kick samples (Table 4.2) but are 
found within the wider catchment (Table 7.8). The concurrent change in the sediment 
composition with the change in fauna in cores I and 2 suggests a different sedimentary 
environment and ecological habitat existed here in the past. The different substratum i.e. 
greater abundance of sand and possible presence of instrearn macrophytes may also have 
affected the faunal composition. 
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4.9 Summary 
The taphonomic survey of the Trichoptera from the River Soar has established the 
following key points; 
• A total of 30 trichopteran taxa, representing II families were found during the 
study, dominated by Hydropsyche contubernalis. 
• There was both seasonal and spatial variation in abundance and number of taxa 
recorded. 
• The li ve and taphonomic sediment trap sanlpIes di splay good correlation with each 
other and there was a decrease in abundance and number of taxa with fast flow 
velocity (>0.65 m S·I). 
• The kick sampling method was shown to give a lower diversity but higher 
abundances at high benthic flow rates (>0.65m S· I) compared to the live fauna from 
the boxes. 
• Organic carbon content (%LOI) was found to be negatively correlated with mean 
flow velocity at the 0.6 x depth level and when measured locally by mean di scharge 
for the River Soar. 
• Sedimentation in the traps displayed a positive correlation with flow velocity. 
• A significant variation in faunal composition and sedimentation occurred in the past 
as demonstrated by the taxa and sediment from the freeze-cores. 
• PalaeoLlFE scores for the Trichoptera present in the cores displayed a reduction 
with depth, reflecting a reduction in flow velocity in the past. 
The fo llowing four chapters present the results of the paJaeocharmel study. Firstly the 
analysis ofthe abiotic factors derived from the sediments, secondly the biological proxies -
the Coleoptera, Trichoptera and the Chironomidae are discussed. 
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5 Palaeochannel - Physical attributes 
5.1 Introduction 
Abandoned river channels are valuable sedimentary archives of the non-marine environment 
and form part of the ' alluvial architecture' (Alien, 1978) of a floodplain (Miall, 1996). These 
sediments have the potential to provide a detailed record of both terrestrial and aquatic 
environmental change as their physical features alter in response to changes in sediment 
supply, hydrological regime and vegetation cover. Examination of the geometri cal, textural, 
structural and biological characteristics of the sediments may reveal elements of their past 
hydraulics and depositional environment (Alien, 1965). Combining thi s information with the 
palaeoecological data derived from the macrofossil data allows examination of the causes of 
environmental change, whether climatic or anthropogenic (Lewin et ai., 2005). 
Sedimentation in the floodplai n may be di scontinuous as a result of erosion, later reworking 
or redeposition, much of which may be due to effects at the reach scale, such as channel 
migration. The timing, but not the origin of these events can be resolved by accurate 
radiocarbon dating (Lewin et al. , 2005). This chapter introduces the physical att ributes of the 
Aston on Trent palaeochannel, including the stratigraphy, Loss on Ignition (as a proxy for 
organic carbon content), partic le size analysis and AMS Radiocarbon dating for all four 
monoliths. It provides the physical framework for the subsequent palaeoecological analysis, 
which is based on the faunal remains of the sub- foss il insects derived from the sediments. 
The aim of the chapter is to: 
• Establish the contemporaneity of the four monolith sections; 
• Examine the range/types of sediments present and their distribution; 
• Examine the variation in organic carbon content; 
• Examine any evidence of reworking ofsediments within the sedimentary sequence; 
• Assess any evidence for changes in flow characteristics from particle size analysis. 
5.2 Stratigraplty 
Monolith B did not contain significant numbers of subfossil sclerites and was not included in 
any further faunal analysis or the strati graphic profile descriptions. The strati graphic profile 
of monoliths A, C, D and E was drawn up using a combination of the recorded field data, 
GPS measurements, notes made during the sediment processing and particle size analysis. 
All monolith levels are measured relative to the contemporary land surface and therefore 
llO 
numbers increase with depth. The negative sign has been omitted to simplify the text and 
diagrams. The colour of each level was indicated by comparison of the wet sample with a 
Munsell colour chart and the range of colours given is shown in a key (Plate 5.1). Each 
profile is then combined in an idealised cross-section using relative heights from the GPS 
positions and distances between monoliths, which were measured on the ground. The 
location of each of the monoliths is given in Figure 5.1 below. From the relative positions of 
the monoliths it can be seen that the cross-section (Figore 5. 18) does not represent a planar 
surface as the positions of the monoliths do not form a straight line, but is an idealised 
representation. 
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Figure 5.1 Site Plan of palaeochannel at Aslon on Trent with positions of monolith sample sites 
marked. C. Salisbury April 2004 (Note GPS accuracy for Monolith A is 4 metres) 
11 1 
5.2.1 Monolith A 
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Description Munsell 
Colour 
Very fine silt and clay Brownish grey 
5YR 411 
Brownish grey 
Silt with high a rgalllc Brownish grey 
content and thick Dark greenish 
compressed ' reed' harizons gray 5GY 4/ 1 
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material and seeds 
Grey ish brown 
5YR 312 
Gravel horizon (matrix Pale yellowish 
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Brownish grey 
Sandy silt SYR 411 
O live grey 
SY 4/ 1 
Gravels (matri x supported) 
beneath monolith (Base 
unseen) 
Figure 5.2 Stratigraphic Diagram for Monolith A with litholagica l description and Munsell calour chart 
value (AOT). 
The stratigraphy of Monolith A is fairly uniform and is principally composed of silt grade 
particles (41lm - 63Ilm). The base of the sequence (1 20-1 OOcm) is sandy silt, which was seen 
to be resting directl y on gravel beneath (Figure 5,2), A 10cm thick layer of gravel with sand, 
including pebbles up to a maximum of 3cm in diameter, was recorded at 90-80cm, with an 
uneven base, indicative of scour. The gravel layer was overlain by silts rich in organic 
material far the rest of the sequence (80-0cm) with an increase in the abundance of plant 
remains closer to the channel surface. A layer of plant macrofossils, principal ly reeds, was 
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clearly seen in the sequence between 50-40 and 20-1 Ocm levels. The sequence appeared to be 
increasingly organic rich towards the surface. 
gray 
5YR 4/1 
brown 
5YR 5/2 
Pale 
yellowish 
brown 
IOYR 612 
yellowish 
brown 
IOYR 4/2 
Moderate 
yellowish 
brown 
IOYR 5/4 
Olive Dark 
gray 
5Y 4/1 
greenish 
gray 
5GY 4/1 
Plate 5.1 Key for the Munsell colours illustrated in the stratigraphy (Copyright 1991 Geol. Soc. 
America) 
5.2.2 MOl/olitlt C 
Monolith C had a wide range of grain sizes present from clay, to gravel up to 3.2cm in 
diameter. The base of the profile was unseen, as water seepage prevented any deeper 
extraction of material. The extracted sequence begins with 60cm of sandy silt (l80-120cm), 
which gradually increases in sand content, peaking at 160-ISOcm before decreasing. Two 
levels of this zone contain shelly fragments (140-120cm), which include gastTopods (Lymnea 
peregra, Valvata piscinalis and Bythinia tentaculata) as well as bivalves (F. Sphaeridae and 
Pisidiidae) and a freshwater mussel (Bivalvia: Unionidae) (M. Greenwood, pers. comm.) 
There is an increase of sand content at (J 20-11 Ocm) although the sediment was still 
technically classified as sandy sil t. Resting on thi s layer was a 10cm thick layer of gravel 
mixed with silt and sand. Pebbles in this horizon were up to 3.2cm in diameter. The silty sand 
immediately above this level (90-80cm) had a comparable percentage of sand to that below 
the gravel horizon. A further increase in the sand content occurs at 80-70cm, followed by a 
return to the sandy silt at 70-60cm. There is an increase in the abundance of plant 
macrofossil s in the monolith from 70cm upwards, typified by thick layers of reeds. The 
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dominant grain size within the upper levels was si lt (70-60cm to 50-40cm). Silt particles 
dominate up to the top of the sequence but there is a gradual increase in the sand content 
from 60-50cm to 20- 1 Ocm levels. The top level consists of uniform, grey coloured, sil ty clay 
with lower sand content than the preceding layer. Vertebrate bones were found in the profi le 
at 40-30cm and fragments of wood were found at various levels as shown on the diagram 
(Figure 5.3). 
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Figure 5.3 Stratigraphic diagram of Monolith C with lithological description and Munseli colour chart 
values (AOT). 
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5.2.3 Monolith D 
Grain sizes in Monolith 0 varied from clay to sand and no gravel horizon was recorded in 
this monol.ith. The underlying gravels were not seen here and the depth of the underlying 
sand was not investigated due to water seepage into the excavation pit. There is a gradual 
decrease in grain size seen throughout the monolith from bottom to top as shown by the 
decreasing sand content (Figure 5.13). 
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Figure 5.4 Stratigraphic diagram of Monolith 0 with Iithological description and Munsell colour chart 
values (AOT). 
The base of the sequence commences with orange coloured silty sand wruch may indicate 
haematite staining, possibly derived by reworking from Devensian gravels (Brown et aI. , 
2001). Overlying the silty sand is 40cm of uniform sandy silt (100-90cm - 70-60cm). The 
uppermost layer of this (70-60cm), together with the finer silt above it (60-50cm), contain 
abundant shelly material containing gastropods (Lymnea peregra, Valvata piscinalis and 
Bythinia tentaculata) and bivalves (p. Sphaeridae and Pisidiidae) as seen in Monolith C at 
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greater depth (l40- l20cm). At this point, the sand content increases and the next 10cm level 
consisted of silty sand (50-40cm). From this level to the top of the sequence the sediment 
primarily comprises fme silt with organic material. There is a high concentration of organic 
plant material, as in Monoliths A and C, with levels 40-30cm and 20-10cm levels containing 
a high level of plant material characterised by reeds. Fragments of wood were found at 80-
70cm as indicated on the diagram (Figure 5.4). 
5.2.4 Monolith E 
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Figure 5.5 Stratigraphic diagram of Monolith E with li thological description and Munsell colour chart 
values (AOT) 
Monolith E contained a higher sand content than the other monoliths but no gravel horizon, 
as found in Monoliths A and C (Figure 5.5). The base of the sequence was unseen due to 
seepage of water into the excavation pit and the underlying gravels were not exposed. The 
sequence excavated commenced with a silt horizon and an upwards-coarsening sequence of 
three silty sand horizons, with increasing sand content (80-70cm to 60-50cm). A slight 
reduction in the sand content was recorded at 50-40cm was followed by the level with the 
highest sand content in the monolith (73% at 40-30cm). Above this point there is a gradual 
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decrease in the sand content of the sandy silt (30-0cm). This monolith represents a sequence 
of upwards fining sediment. The organic content is notably higher towards the top of the 
monolith (30-0cm) and there was a vertebrate bone oriented N-S in the profi le at 15cm depth. 
Wood fragments were also seen between 80-70cm. 
5.3 Organic carbon (Loss On Ignition) 
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Figure 5.6 Organic carbon (%LOI) profile for Monolith A with stratig raphic column (AOT) 
Monolith A shows low organic carbon levels «10%) in the lower two levels (I10-90cm) and 
a very low level of I % in the gravel horizon itself (90-80cru). Above this level the organic 
carbon rises steeply to a maximum of4 1% at 30-20cm and then declines steadi ly to 19% at 
the top of the sequence. This pattern clearly reflects the large amount of plant macrophyte 
material found above the gravel horizon in thi s monolith (Figure 5.6). 
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5.3.2 Monolith C 
Organic carbon values in the lower half of thi s monolith were stable from 180-120cm at 
around 12% (Figure 5.7). There is a gradual decline from 130-1 20cm to 100-90cm, where 
minimum values occur (5%), coinciding with the gravel horizon. Above thi s hori zon, values 
are variable, but four hori zons, (90-80, 70-60, 60-50 and 50-40cm) show a marked increase, 
with a maximum of 23% at 60-50cm. The top four levels from 40-0cm return to lower values 
« 10%) than those found at the base. The levels with higher LOl values correspond to those 
containing a high percentage of plant macrofossil materi al. 
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Figure 5.7 Organic carbon (%LOI) profile for Monolith C with stratigraphic column (AOT) 
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5.3.3 Monolith D 
Monolith D shows three fairly consistent zones for organic carbon (Figure 5.8). From the 
base ( lI O- IOOcm) to 70-60cm the LOI values are constant at j ust over 9%. From 60-50cm to 
20-1 0cm levels they are higher at around 13% with the exception of a lower value (11 .9%) at 
40-30cm. The highest level ( IO-Ocm) has the lowest values at just below 7%. 
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Figure 5.8 Organic carbon (%LOI) profile for Monolith 0 ; with stratigraph ic column (AOT) 
5.3.4 Monolith E 
Monolith E shows higher values of organic carbon at the top and bottom of the profi le than 
fo r the centre levels (Figure 5.9). Organic carbon here is highest at the top of the monolith 
reaching 12.2% at 10-Oem. The lowest val ue (3.7%) oecurs at 60-50cm. Values fa ll from 
10_8% at the base to 3.7% at 60-50cm, ris ing slightly to around 4.5% for three levels (50-
20cm) and then ri se again to 10.8% (20-1 Ocm) and 12.2% at the top of the sequence. There 
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was a noticeably lower abundance of plant material in this monolith compared to A, C and D, 
which is particularly reflected in the values of around 5% in the central part 60-50cm to 30-
20cm. 
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Figure 5.9 Organic carbon ('!oLOI) for Monolith E; with stratigraph ic column (AOT) 
5.3.5 Comparisol/ of orgal/ic carbol/ values across the palaeoc/wl/l/el 
The highest organic carbon values for the palaeochannel occur in Monolith A at a depth of 
30-20cm (40%). The lowest values also occur in the same monolith at a depth of90-80cm, in 
the gravel horizon. Monolith C also shows a reduction in organic carbon within the gravel 
horizon (lOO-90cm), not seen in either Monolith D or E, and Monolith E records low values 
(5-6%) for the majority its depth. Monoli ths A, C and D all show higher (> I 0%) organic 
carbon values in the upper parts of the profiles. The increase in organic carbon occurs above 
the gravel horizon in Monoliths A and C at 80-70cm and 90-80cm respectively. Figure 5.10 
shows a comparison of the organic carbon values across the palaeochannel with the 
monoliths shown at their correct relative heights. Clearly, organic content in the upper part of 
the channel sequence is higher in A and C, than D and E. This suggests a gradation across the 
channel profi le. 
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Figure 5.10 Comparison of organic carbon values for each monolith across the palaeochannel section (AOT) 
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5.4 Particle size analysis 
Particle size analysis was carried out on all levels (See Chapter 3, Methodology). Results 
from samples were divided into UK standard class divisions, using the Wentworth scale, 
fo r clay (<2~m), silt (2-63 ~m) , sand (63~m-2mm) and gravel (>2mm) fractions. The 
following sections in this chapter show size distributions for each class based on percentage 
of total weight for each level. A complete graphical record of results from the Coulter 
LS230 particle size analyser is given in Apppendix 2A. 
5.4.1 Moltolith A 
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Figure 5.11 Particle size analyses for Monolith A; by percentage weight (AOT). 
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Particle size analysis of Monolith A shows a clear division in the sedimentological profile 
above and below the gravel horizon (90-80cm) (Figure 5.11). Below the gravel there is 
20cm of sandy sill, with increasing sand content in the upper horizon (30%, 35%). The 
gravel horizon was matrix supported and contained 30% gravel and nearly 70% sand with 
very little si lt or clay present. Level 80-70cm also contains 30% gravel but tlus was mostly 
contained within the base of the level and not di stributed throughout, thus it forms part of 
the gravel horizon beneath. There is less sand in this level (20%) and more si lt (40%). 
Above this level the sediment is fairly uniform silt, with 10-15% sand, until the top of the 
monolith. All levels, except the gravel horizon contain 10-20% clay sized particles. 
5.4.2 Monolith C 
This monolith contains a variety of sedimentary combinations but mostly consists of sandy 
silt (Figure 5.12). There is a gravel-containing horizon at J 00-90cm, as seen in Monolith A, 
which divides the profile in two. Beneath this horizon is a sequence of sandy silt in which 
the sand content gradually increases from 26% to a peak of 34% at 160-150cm and then 
decreases to 18%. The two levels immediately below the gravel (120-110, 110-1 OOcm) 
have a higher sand content (just under 40%). The gravel horizon contains just over 30% 
gravel and 42% sand with 25% silt and clay. Above the gravel horizon the three levels (90-
60cm) have elevated sand content, containing between 40 and 70% sand. In the next level 
(60-50cm), sand content drops dramatically to around 10%. Sand content gradually 
increases upwards reaching a peak of 40% at 20-1 Ocm and then decreases at the top of the 
profile. This is a repeat of the cyclic pattern seen at the base of the monolith. There are 
therefore three cycles of sand increase and decrease seen (180-120cm, 90-70cm and 60-
Ocm). Clay content is between 10 and 20% for the entire profile. The shelly horizons 
between 140 and 120cm levels do not appear to be distinguished in the particle size 
analysis. 
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5.4.3 Monolith D 
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Figure 5.13 Particle size analyses for Monolith 0 ; by percentage weight (AOT). 
Monolith D does not contain a gravel horizon and has a sandy base (Figure 5. 13). Above 
this level is IOOcm of sandy silt with two shelly horizons between 70cm and 50cm levels. 
The sequence here contains less sand, and more silt and clay up the profile and can 
therefore be described as upwards fining. There are three points at which the percentage of 
sand declines suddenly; from the base to IOO-90cm, at 60-50cm and at 30-40cm. The 
percentage of clay varies from 10 to 18% throughout the profile. The gravels were not seen 
beneath the base. 
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5.4.4 Monolith E 
Monolith E has higher overall sand content compared with Monoliths A, C or D. Sandy silt 
at the base contains just over 30% sand but thi s rises to nearly 60% by 50-60cm (Figure 
5.14). A small reduction at 50-40cm is fol lowed by a maximum of just over 70% at 40-
30cm, above thi s level, sand content falls rapidly and is less than 20% at the top. Clay 
content is low «15%) for the entire profile. This monolith has no gravel hori zon as seen in 
Monoliths A and C. 
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Figure 5.14 Particle size analyses for Monolith E; by percentage weight (AOT). 
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5.5 Statistical analysis 
A multivariate analysis of the data from the particl e size analysis was undertaken using 
CANOCO 4.5 software (ter Braak and Smilauer, 2002), in order to establish if there was 
any environmental gradient in the measured parameters. This could possibly elucidate any 
change in sedimentary environment due to alterations in the flow regime of the river, or its 
relation to the fl oodplain. Principle Component Analysis (PCA) has been used in the past to 
indicate changes in grain size variation relating to changes in depositional processes in the 
Lower Severn Valley (Brown, 1985). The particle size variation can then be considered in 
relation to any wider known phenomena, whether environmental or anthropogenic. 
Sediment parameters used in thi s analysis are given in Appendix 2B. Eigenvalues for the 
PCA are given in Table 5.1. These values give a measure of the relative importance of each 
Axis in the analysis. The first four axes accounted for 93% of the variation in the data 
(Table 5.1 ). 
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Figure 5.15 PCA biplot of sediment physical sediment parameters from Appendix 2; by type 
(AOT palaeochannel). 
Figure 5.15 shows the analysis of the sediment parameters as individual points derived 
from the data. The spread indicates that the parameters are relati vel y unrelated except 
where they occur in the same particle size i.e. silt mean, median and mode, sand mean, 
median and mode. 
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Axes I 2 3 4 Total 
variance 
Eigenvalues 0.542 0.2 10 0.129 0.052 1.000 
Cumulative percentage variance of data 54.2 75.2 88.1 93.3 
explained 
Sum of all eigenvalues 1.000 
Table 5.1 Eigenvalues for the PCA analysis of the sediment parameters (AOT palaeochannel). 
(Number of samples = 41 variables used =13) 
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Figure 5.16 PCA analysis of physical sedimenl parameters from table in Appendix 2; by monolith 
and by level (AOT palaeochannel). 
Analysis of the results by level and monolith allows the detection of variation due to the 
position within the palaeochannel section (Figure 5. 16). The overall spread of samples 
shows considerable variability within the four monoliths. Monolith C has a broad spread 
across the primary Axis. Monolith D is positioned towards the negative side and Monolith 
E is found consistently located on the negative end of Axis 1. Monolith A is only 
represented by four points, all of which are widely scattered, as data are not available for 
all levels. Those excluded contained too little material of particle size > 125J.!m to be 
analysed by the Coulter analyser. The gravel horizon in Monolith A is located at the 
positive end of both axes and is thus isolated, suggesting it has a unique composition in 
relation to the other levels. 
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Figure 5.17 PCA plot of physical sediment parameters (Appendix 2); by position above and 
below gravel horizon (A and C) with D and E displayed separately (AOT palaeochannel). 
Figure 5.17 divides tbe same data into samples, which occur either above or below the 
gravel horizon in monoliths A and C and separately for monoliths D and E. Sediments from 
A and C above the gravel horizon clearly group at the positive end of Axis I . Sediments 
from below the gravel and Monolith E are clustered at the negative end and sediments from 
Monolith D are spread from negative to slightly positive. This suggests that there is an 
environmental gradient in the sediment data along Axis I , associated with position within 
the palaeochannel section. It demonstrates a broad difference in the grouping of sediments 
from two zones, above and below the gravel hori zon, with Monolith E and part ofMollolith 
D associated with those located below the gravel horizon. This will be discussed further in 
the multiproxy chapter (see section 9.7). 
5.6 Ra(liocarbon dates 
Eight AMS radiocarbon dates have been obtained for samples from the palaeocbannel 
during the study. Two of these were on wood extracted during removal of samples for 
environmental analysis by Birmingbam Archaeology (SUERC). The remaining six were 
carried out on seeds extracted from the samples used in thi s study (Beta Analytic) funded 
by the Geography Department at Loughborough University and the thesis author as funding 
from NERC was declined. Seeds were noted to be in good condition indicating that little 
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reworking if any had occurred. Two further dates were obtained from wood taken from the 
log boat itself by Birmingham Archaeology (SUERC). Figure 5.18 and Table 5.2 show a 
summary of the dates and levels obtained. The dates for the bases of each monolith are not 
identical and although not at stratigraphical ly identical levels in height, show that the 
commencement of sedimentation across the channel was diachronous, i.e. had not occurred 
simultaneously . The oldest date (5300-4960 cal BP) is at the base of Monolith C which is 
the lowest point sampled on the palaeochannel section. The dates for the bases of 
Monoliths D and E are virtually identical (4870-4640 cal BP and 4850-4640 cal BP 
respectively). The base of Monolith A is somewhat younger at 3560-3380 cal BP. This may 
reflect a later commencement of sedimentation at A. There was only one date available for 
the top of the section, for Monolith C, and since there was little variation in the level of the 
land surface, it has been assumed that the top of the other monoliths are ofa similar age. 
Sample location Date Date Calibration Lab M.ateria l Code 
(BP) (ca l BP) 
Uncal. 
Base of Monolith C 4470 +/- 5300- IntCal 04 LU Schoenoplectus Beta-
40 4960 seeds 216487 
Base of Monolith 0 4240 +/- 4870- IntCal04 LU Non-aquatic seeds Beta-
50 4640 225751 
Base of Monolith E 4220 +/- 4850- IntCal04 LU Non-aquatic seeds Beta-
40 4640 225752 
Base of Monolith A 3240 +/- 3560- IntCal 04 LU Non-aquatic seeds Beta-
40 3380 225750 
C11 0-100 (below 3530 +/- 3900- IntCal 04 LU Schoenoplectus Beta-
gravel horizon) 40 3700 seeds 216488 
C90-80 (above 2520 +/- 2750- IntCal04 LU Schoenoplectus Beta-
qravel horizon) 40 2460 seeds 216489 
Ground surface level 1555 +/- 1530- OxCa13.8 BA Wood (Salix) SUERC-
(close to C) 35 1350 4834 
Base of channel 4595 +/- 5470- OxCal BA Wood SUERC-
(close to C) 40 5260 3.8 4833 
Log Boat 3225 +/- 3490- OxCa13.9 BA Wood SUERC-
35 3360 4063 
Log Boat 3215 +/- 3480- OxCa13.9 BA Wood SUERC-
35 3350 4064 
Table 5.2 A summary of the AMS radiocarbon dates for all material from the Aston on Trent 
palaeochannel (LU = Loughborough University, BA= Birmingham Archaeology) 
The two dates either side of the gravel hori zon, 3900-3700 cal BP below and 2750-2460 cal 
BP above (Monolith C), show that there is a hiatus in deposition here representing between 
1440 and 950 years (Figure 5.18). This hiatus may also be present in other monoliths but 
funding restrictions did not al low further dating to test this hypothesis. 
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5.7 Discussion 
Stratigraphic correlatioll 
Stratigraphic correlation of the monoliths was ach ieved by means of observing similar 
horizons in all four profiles (Figure 5.1 8). No one horizon fulfilled this objective but 
several features can be found in more than one profile. Differential G PS measurements of 
height were only avai lable fo r Monoliths C, 0 and E; the relative height of Monolith A was 
estimated from the observable features listed below. The evidence for the contemporaneity 
and stratigraphic contiguity of the profiles is as follows: 
• The gravel borizon is present at a similar depth in both Monoliths A and C; 
• The horizons with ' reeds' are also found at similar depths in Monoliths A, C and 0; 
and 
• The bases of Monoliths C, 0 and E are closely contemporaneous from the 
radiocarbon dating evidence. 
Pllrticle size IIllalysis interpretatioll 
Analysis of the physics of sediment transport within rivers is complex and involves many 
features such as particle size, composition and shape, bed roughness, channel shape and 
slope, as well as water velocity. Several ' thresholds' have to be exceeded before a 
particle can be transported (Gordon et aI., 2004); 
• a bed-erosion threshold to overcome initial fri ction and begin movement, 
• a ' li ft-off' threshold to suspend a particle and 
• a ' settEng' threshold below which a particle will be deposited. 
in 1939 Hjulstrom developed a graph representing the relationship between the mean 
velocity and particle size diameter, relating erosion, transportation and deposition. This 
was adapted by Al Ien, in 1965, to show transport in sediment of a uniform density 
(Figure 5.19). This clearly illustrates that fine to medium sand (0.3-0.6mm diameter) is 
the easiest particle size to erode and transport (Gordon et aI., 2004). Finer material 
presents a smoother profile and is less easy to move whereas silts and clays are cohesive 
and make erosion more difficult. The consistency of the percentage of clay sized particles 
in all four monoliths suggests that they bave a common origin. It has been noted that balls 
of clay grade material are encountered in samples, which are disaggregated during 
processing of sediments (M. Greenwood, pers. comm.). These 'clay balls ' may be 
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entrained as bed load during transportation and therefore initially incorporated into the 
sediment profile as larger particles . 
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Figure 5.19 Relation between flow veloci ty, grain size and state of sediment, from Alien , 1965 
p109. 
Deposition will occur when the energy of the stream is reduced (di scharge), when flow 
velocity reduces, such as in a pool, cutoff or downstream of an obstruction for example, 
or when sediment load increases dramaticall y. Estimates of palaeoflow characteristics 
have been made using palaeochannel dimensions and sedimentological characteristics 
and fall into two broad categories; 
• a regime or channel geometry approach usmg channel width , depth , cross-
sectional area, sinuosity, meander wavelength, bend length and radius of 
curvature and 
• A sediment transport mechanics approach. (Benito et al., 1998, pp. 27-28). 
Both approaches are thought to involve large margins of error due to inaccuracies of 
estimation in the parameters involved. Distance measured from Monoliths A to E is 
probably oblique to the channel width and gives a maximum estimate of channel width 
(lOO metres) . A minimum perpendicular width is estimated at 90 metres, from Figure 5.1. 
Recent estimations of channel forming discharge have been calculated for a medieval 
channel at Hemington, just downstream of Aston on Trent using both slope-area methods 
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and HECII step backwater modelling (Brown et ai. , 2001 ). These values suggest an 
increase from 50-140 m3 S·l to 220-350 m3 S· l between the time of building bridge 1 and 
bridge III (11th to 15th centuries). The current bankful discharge of the Trent is 
approximately 200 m3 S·l (Brown et ai. , 200 I). 
Sedimentation within a cut off palaeochannel section, whether open at one or neither end 
is dependent upon a variety of factors: 
• di stance from and connectivity with the 'active charmel ' (Thorns et al. , 2007); and 
• variation in local floodplain topography (Taylor and Brewer, 200 1). 
It has also been noted that different processes of sedimentation cannot be exclusively 
designated to particular environments - although some river systems may be dominated 
by fine grained deposits (sands, silts and clays), overbank sedimentation in mixed load 
river systems is often dominated by fine grained deposits formerly held in suspension 
(Taylor and Brewer, 2001). Modelling and field measurement has shown that overbank 
sedimentation demonstrates a pattern of decreasing grain size and better sorting with 
distance from the channel source (Marriott, J 992) but any attempt to understand the 
depositional units of a floodplain requires a detailed analysis of grain size parameters. 
This may di stinguish sediments from distinct settings e.g., beach, glacial , aeolian and 
fluvial. The effects of climatic fluctuations and anthropogenic influences potentially 
further complicate the picture and the relative influence of the two can be difficult to 
determine (Taylor and Brewer, 200 J). Vegetation should also be considered and has an 
important effect on water flow and sediment transport within channels and on 
floodplains. Vegetation increases flow resistance, reduced flow velocity and sediment 
transport capacity thus inducing deposition and inhibiting erosion (Bridge, 2003). 
Further di scussion of the physical parameters at Aston 0 11 Trent in relation to the faunal 
elements is contained in Chapter 9. 
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5.8 Summary 
This chapter summarises the physical attributes of the Aston on Trent palaeochannel. It 
has; 
• Established the contemporaneity of the four monoliths by means of AMS 14C dating 
and stratigraphic correlation; 
• Demonstrated variation in the lithology and particle size distributions for each of 
the monoliths and between monoliths; 
• Established the variation in organic carbon content for each of the monoliths and 
between monoliths; 
• Demonstrated higher levels of organic carbon above the gravel horizon than below, 
particularly in Monolith A; 
• Presented a multivariate analysis of the physical parameters for comparison with the 
faunal data in the fo llowing chapters; 
• Demonstrated a lithological difference between the sediments above and below the 
gravel horizon in Monoliths A and C; 
• Demonstrated the lithological distinctiveness of the gravel horizons; 
• Demonstrated the similarity of Monoliths D and E to the levels below the gravel 
horizon in Monoliths A and C. 
The following three chapters (6-8) present the faunal data [Tom the analysis of the 
Coleoptera (6), Trichoptera (7) and Chironomid (8) remains for each monolith. 
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6 Coleoptera 
6.i illtroductioll 
The use of the Coleoptera as palaeoecological indicators is well established (Coope, 1986; 
Elias, 1994). The Co\eoptera have well known ecological associations (Elias, 1994), which 
make them ideal for establish ing the environmental conditions present within the 
palaeochannel. The BUGS database (Buckland and Buck/and, 2006) provides an excell ent 
anthology of current ecological information and locations of subfossi l sites for coleopteran 
taxa and has been extensively used in thi s thesis. 
The primary aim of this chapter is to establish a baseline from which to infer any new 
information gained from the Trichoptera and Chironomidae. It is hypothesised that 
temporal variation in the flow velocity regime will exist within the palaeochannel 
sediments and this wi ll be reflected by differences in the aquatic communities preserved 
within them. Variation may occur both within and between monoliths. Aquatic Coleoptera 
can also be utilised as indicators of past flow velocities . Specifically thi s involves: 
• an analysis of number of taxa and overall abundance; 
• an examination of any differences in the flow regime observed by means of 
calculation of pa\aeoLlFE scores (Greenwood et al., 2006; Extence et al. , 1999). 
Together with the Trichoptera and Chironomidae, they will provide a multi proxy indication 
of the changing instream conditions (Chapter 9). 
This chapter is a summary of the data on the subfossil aquatic Coleoptera derived from the 
Aston on Trent palaeochannel (OR SK424286). Identification of Coleoptera was restricted 
to the aquatic or semi aquatic taxa in order to provide a direct comparison with the 
Trichoptera and Chironomidae larvae in Chapters 7 and 8 and derive an aquatic signal. A 
full list of aquatic coleopteran taxa present in the palaeochannel, together with thei r LIFE 
scores, is given in Table 6.8 at the end of the chapter. The numbers of Coleoptera are 
represented by the largest number of any identifiable individual skeletal element, usually 
left or right elytron. This is known as the Minimum Number of Individuals or MNl. The 
data is presented for each of the individual Monoliths, A, C, D and E, together with 
information on the palaeoLIFE scores recorded. Each monolith has a table showing the 
taxa identified, with MNI numbers for each level, together with information on total 
abundance and total taxa per level. All depths are shown as depth from existing land 
surface at excavation. Numbers of Coleoptera were low and many taxa were only 
represented by a single example. The small numbers found are probably due to the small 
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volume of sediment processed (approximately I litre in most cases). The standard methods 
for paraffin floatation (Coope, 1986; Kenward et ai. , 1980) normally utilise a sample size 
of 5-10 litres. Beetle remains largely consisted of fragments of elytra, with some pronota, 
some of which could not be identified beyond the Generic level. Taxonomy presented 
throughout the chapter follows that of Lucht (1987). Each of the monoliths is also shown 
diagranunatically as a depth profile; at generic level to enable inter-comparisons to be 
made between monoliths. The ecological interpretation for the palaeochannel as a whole is 
then discussed using information derived from scientific literature and the BUGS database 
(Buckland and Buckland, 2006). Subsequently, indirect ordination analys is, by means of 
DCA, is used to examine the data for the presence of any wlderlying biotic and/or 
environmental gradients within the data. 
6.2 Palaeocltallllel results 
A total of 58 taxa representing 6 families was present in the palaeochannel (Figure 6.1), 
with 1296 individual beetles identified (Table 6. 1). The Family Hydraenidae was the most 
abundant family , followed by the Family Dytiscidae (Table 6.1). The Family Gyrinidae 
was not represented in Monoliths C and D. Monolith C at the centre of the channel has the 
highest abundance of Coleoptera and taxa per litre, with Monolith E supporting the lowest 
numbers. 
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Figure 6.1 Log abundance of Coleoptera; by family and monolith (Aston on Trent palaeochannel). 
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The most abundant taxa overall for the entire palaeochannel section were Ochthebius cl 
minimus (27%), Helophorus spp. (18%) and Oulimnius spp. (14%). Other taxa recorded 
with totals of 2% or greater, were Esolus parallelepipedus (5%), Hydraena spp. (5%) 
Cercyon spp. (3%), Hydrobius Juscipes (2%) and Laccobius spp. (2%). 
Monolith A Monolith C Monolith D Monolith E 
Monolith length in metres 1.1 1.8 1.0 0.9 
Total Coleoptera (MNI) 355 556 212 173 
Coleoptera per litre (MNI) 40 44 27 22 
Number of taxa 36 49 32 26 
Table 6.1 Abundance of Coleoptera (MNI) and taxa for each monolith in the palaeochannel (AOT). 
6.3 Monolitlt results 
6.3.1 Monolith A 
Table 6.2 shows the overall abundance of Coleoptera found in Monolith A with specific 
information and total taxa for each level together with the PalaeoLIFE score. Overall, the 
fauna showed a difference in faunal assemblage above and below the gravel horizon (90-
80cm). The fauna has been divided into zones with a boundary where any major change 
occurs. The most abundant taxon was Ochthebius cl minimus (159) which represents 45% 
of the total coleopteran fauna. Abundances for Helophorus sp. (54), Hydraena spp. (29), 
Oulimnius spp. (17) and Laccobius spp. (14) are lower but together with Ochthebius cl 
minimus represent 75% of the total Coleoptera (Table 6.2). There was a limited range of 
taxa (between 3 and 6) in Zone 1, below the gravel horizon (90-80cm), mostly represented 
by the fami ly Dryopidae and Hydraena species. Single specimens of Esolus 
parallelepipedus and Riolus subviolaceus were found below tbe gravel horizon (see Figure 
6.2). Above the gravel, in Zone 2, the number of taxa increased to a maximum of 17 at 20-
IDcm and included many more members of the F. Dytiscidae and F. Hydrophilidae (Figure 
6.2), although individual numbers in each taxon were low. There was a marked increase in 
the number of Coleoptera found in the top two levels, mostly represented by Ochthebius cf 
minimus (Figure 6.2) . Taxa such as Laccobius spp. and Cercyon spp. were restricted to 
these horizons. The PalaeoLIFE scores for this monol ith were higher below the gravel 
borizon (7.5) and lower above it (5.5), see Figure 6.3. 
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Dytiscidae Acilius sp. Leach, 1817 1 
Hydaticus transversalis (Pontoppidan, 1763.) 1 1 1 
Hygrotus decoratus (GyJJenhal , 1810.) I 
Hygrotus inequafis (Fabicius, 1777.) 
Hygrotus quinquelineatus (Zetterstedt. 1828.) 1 
Hygrotus versicofor (Schailer, 1783,) 1 3 1 
Hygrotus sp. Stephens, 1828 1 2 1 2 
Hydroporus pa/ustris (Linnaeus, 1761 .) 2 
Hydroporus sp. Clairville, 1806 2 1 2 
Porhydrus {ineatus (Fabricius, 1775.) 1 1 1 
Potamonectes depressus (Fabricius, 1775.) 1 
Agabus bipustulatus (Linnaeus, 1767.) 1 4 2 
/lybius sp. Erichson, 1832. 1 
Colymbetes fuscus (Linnaeus, 1758.) 1 1 1 1 1 
Rhantus exsoletus (Forster, 1771 .) 1 1 
Gyrinidae Gyrinus sp. Muller, 1764 2 
Hydraenidae Hydraena palustris Erichson, 1837. 1 1 1 1 2 
Hydraena ripan'a Kugelann, 1794 1 
Hydraena spp. Kugelann. 1794 6 1 1 1 1 4 7 
Hydraena testacea Curtis , 1830 1 
Ochthebius cf m;n;mus (Fabricius, 1792.) 3 4 2 10 14 6 30 47 43 
Umnebius sp. Leach, 1815 2 
Hydrochus carinatus Germar, 1824. 1 
Hefophorus spp. Fabricius, 1775 2 2 1 2 6 4 7 1 2 11 16 
Hydrophilidae Cercyon bifenestratus Kuster, 1851 1 1 1 
Cercyon marinus Thomson, 1853 1 
Cercyon me/anocephalus (Linnaeus, 1758.) 1 
Cerr;yon cf !ristis (1IIiger, 1801 .) 1 
Cercyon spp. Leach, 1817 2 1 1 5 
Hydrobius fuscipes (Linnaeus, 1756.) 1 1 2 3 
Laccobius spp, Erichson, 1837 1 1 5 1 1 2 3 
Enochrus sp.Thomson, 1859 1 
Oryopidae Dryops sp. Olivier 1791 1 1 
Eso/us paralfefepipedus (Muller 1806) 1 
OuJimnius spp. Gozis 1886 3 7 1 2 1 1 1 1 
Rio/us subviofaceus (P. Muller 1817) 1 
Normandia nitens (Muller 1817) 1 1 1 
TotallMNIl 7 20 3 17 19 25 34 22 43 87 78 
Total taxa 4 6 3 11 11 10 11 14 10 17 11 
PalaeoLlFE score 7.50 6.50 6.17 5.50 5.80 6 .00 5 .29 5.40 6.00 5.31 5 .50 
Volume in L 0.82 0.80 0 .80 0 .87 1.00 0.85 0.80 0 ,70 0 ,82 0.80 0 .68 
Table 6.2 Coleoptera taxa from Monolith A; with depth (AOT palaeochannel), Taxonomy follows 
Lucht 1987. 
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6.3.2 Monolith C 
The most abundant taxa in Monolith C were Ochthebius cl minimus (114, 21%), 
Helophorus spp. (109, 20%), Oulimnius spp. (90, 16%), Esolus parallelepipedus (32, 
6%), and Cercyon spp. (20, 4%). The overall abundance per level reached a maximum 
of 39 at 170-160cm (Table 6.2). Monolith C has been divided into two faunal zones, 
above and below the gravel horizon, as in Monolith A. Below the gravel horizon, in 
Zone I, (90-1 OOcm) the fauna was dominated by the F. Dryopidae, mainly Oulimnius 
spp. (81), with significant numbers of Esolus parallelepipedus (29) (Figure 6.6). Small 
numbers of Machronychus quadrituberculatus (5), Riolus spp. (7) Limnius volkmari 
(I), Elmis aenea (2) and Normandia nitens (I) were also recorded. The Dytiscid, 
Polamonecles depressus elegans (2) and several Hydraena species (23) (notably H 
gracilis (5) and H nigrita (I» were also present in small numbers. The overall number 
of taxa below the gravel horizon was between 6 and 12 (Table 6.3) with very few 
representatives of the F. Dytiscidae, present (Figure 6.4). The gravel horizon itself(IOO-
90cm) contains very few taxa (5) . 
Above the gravel horizon (Zone 2), there was an increase in the number of taxa (up to a 
maximum of 19), (Table 6.3) with many more species of the F. Dytiscidae and 
Hydrophilidae, such as Hygrotus spp. (8) and Hydrobius Juscipes (16). Numbers of 
Ochthebius cl minimus (Zone I , 14 and Zone 2, 98) and Helophorus spp. (Zone 1, 7 
and Zone 2, 101), although present throughout the profile, are considerably higher in 
Zone 2 than in Zone I (Figure 6.4). Many taxa were uniquely found in Zone 2, 
including; Haliplus spp. (5), Hydroporus palustris (2), Porhydrus lineatus (4), Agabus 
bipustulatus (6), flybius sp. (5), Graptodytes sp. (3), Limnebius spp. (10), several 
species of Hydrochus (14) and Hydrophilus piceus (3) (Table 6.3). Higher numbers of 
semi-aquatic members of the F. Hydrophilidae are also more prevalent in Zone 2 such 
as Cryptopleurum minutum (5), Megasternum boletophagum (3) and other possibly 
non-aquatic species of Cercyon (16) (Table 6.3). The F. Dryopidae was absent from this 
zone until the top three horizons where Esolus parallelepipedus (3) and Oulimnius spp. 
(8) reappeared in low numbers (Figure 6.4). 
The PalaeoLIFE score for Monolith C Coleoptera shows a decrease above the 100-
90cm level from approximately 6.5 to 5.5 (Figure 6.5). There is a notable peak in the 
palaeoLIFE score (>7) at 120-11 Ocm, which is at 20cm below the gravel horizon which 
is coincident with a reduction in the number of taxa present (Table 6.3). 
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Dytiscidae Acilius sp.Leach 1817 1 1 1 
Hygrotus decoratus (GyllenhaI1810) 1 
Hygrotus inequalis (Fabricius 1777L 1 1 1 
Hyqrotus quinquelineatus (Zetterstedl 1828) 1 
Hygrotus versicolor (Schaller 1783) 1 1 
Hydroporuspalustris J Linnaeus 1761) 2 
Hydroporus sp. Clairville 1 B06 3 1 1 
Porhydrus lineatus (Fabricius 1775) 1 2 1 
Slictotarsus duodecimpustulatus (F. 1792) 1 
Potamonectes depressus elegans (Panzer 1794) 1 1 1 
Platambus maculatus J L 1758.) 1 
Agabus bipustulatus (L. 1767) 1 1 1 1 1 1 
lIybius sp. Erichson 1832 1 1 1 1 1 
Colymbetes fuscus (L. 1758) 1 1 1 1 1 1 
Graptodytes pictus (F.1787) 1 1 
Graptodytes sp~ Seid!. 1887 1 
Gyrinldae Gyrinus sp. Muller 1764 1 1 1 1 1 
Hydraenidae Hydraena gracilis Germar. 1824 5 2 
Hydraena nigrita Germar. 1824 1 
Hydraena palustris Erichson 1837. 1 1 
Hydraena riparia KUQelann 1794 1 1 1 
Hydraena spp. Kugelann 1794 5 3 2 3 1 1 1 
Hydraena testacea Curtis 1830 1 1 
Hydraenidae Ochthebius cf minimus (Fabricius 1792.) 1 1 4 2 3 1 1 1 2 3 6 8 18 20 11 17 8 7 
Limnebius spp. Leach 1815 1 8 1 
Hydrochus carinatus Germar 1824. 1 1 
Hy<irochus elongatus (Shaller 1783) 1 1 1 2 
Hydrochus sp. Leach 1817 1 1 1 3 2 1 
Helophorus sp. Fabricius 1775 1 2 1 2 1 1 4 7 9 16 8 12 14 21 10 
Table 6.3 Co/eoptera taxa from Monolith C, With depth (AOT pa/aeochanne/). Taxonomy follows Lucht, 1987. 
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Table 6.3 (Continued) Coleoptera taxa from Monolith C; with depth (AOT palaeochannel). 
Taxonomy follows lucht, 1987. 
a 
~ 
'" 
0 ro 
~ 0 0 a 0 a ~ 0 
'" <.U '" 
~ V M N 0 a 
'" 
0 0 0 0 0 0 0 0 
<f) 
'" '" '" '" '" '" '" '" 
'" 
"" 
"I "I "! M N ;; "-Depth in cm <t ::: :!? :'? ;! ~ ~ ~ '" 0 0 0 a '" '" 
0 
'" 
m ro ~ M N 
Hydrophilidae Co%sloma orbicu/are (Fabricius 1775.) 1 
Cercyon marinus Thorns. 1853 2 
Cercyon melanocephalus (Unnaeus 1758) 1 2 2 
Cercyon pygmaeus (1lIiger 1801 ) 1 
Cercyon lenninalus (MarshamI802) 1 
Cercyon uslu/alus (Preyssler 1790) 1 1 
Cercyon spp.Leach 1817 1 1 1 1 3 4 2 4 1 1 1 
Megaslemum bolelophagum (Marsham 1802) 1 2 1 
Hydrobius fuscipes (Linnaeus 1758) 1 1 3 3 3 1 3 1 
Laccobius sp. Erichson 1837 1 1 3 1 1 1 2 
Enochrus sp. Thomson 1859 1 2 
Cymbiodyta marginella (Fabricius 1792) 1 1 
Cryplopleurum minulum IFabricius 1775) 1 1 1 1 1 
Hydrophilus piceus IL innaeus1758) 1 1 1 
Dryopldae Dryops sp. Olivier 1791 1 1 1 1 1 1 
E/mis aenea IP. Muller 1806) 1 1 
Esolu~Pilralle/epipedus (P. Muller 1806) 1 11 • 5 2 2 2 2 1 2 
Oulimnius spp. Gozis 1888 10 18 13 11 10 6 7 5 1 1 1 2 5 
Limnius vo/kmari (Panzer 1793) 1 
Rio/us cupreus (P. Muller 1806) 1 
Rio/us subvio/aceus (P. Muller 18171 1 1 2 1 1 1 
Macronychus quadrilubercu/alus P. Mullerl806 1 1 1 1 1 
Normandia ni/ens (P. Muller 1817) 1 
Total Coleoptera (MNI) 17 39 29 23 19 16 12 12 • 10 17 25 16 18 8 8 21 13 
Total taxa 10 9 12 10 7 10 6 10 5 9 18 19 17 13 11 12 20 10 
PalaeoLlFE score 6.7 6.67 6.67 6.' 6.66 6,4 7.17 6.5 6.5 5,44 5.61 5,45 5.53 5.67 5.36 5.42 5.84 5.8 
Volume in litres 0.67 0.8 0.68 0.73 0.75 0.65 0.7 0.65 0.68 0.75 0.7 0.7 0.62 0.65 0.75 0.75 0.75 0.75 
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Figure 6.4 Part 1 Coleoptera in Monolith C; with depth (AOT palaeochannel). 
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Figure 6.5 Coleoptera palaeoLlFE scores for Monolith C; with depth (AOT palaeochannel). 
6.3.3 Monolith D 
In Monolith D, 75% of the fauna was represented by 6 taxa: Ochthebius cf minimus 
(42, 20%), Helophorus spp, (38, 18%), Oulimnius spp. (36, 17%), Eso/us 
parallelepipedus (17, 8%), Hydraena spp. (13, 7%) and Cercyon spp. (8, 5%). The 
number of individuals represented in each level was relatively low, with a maximum of 
35 at the base (Table 6.4). There was no gravel horizon found in this monolith and no 
obvious division in the taxa present although there was a reduction from around 6.5 to 
5.8 in the palaeoLIFE score at the 60-50cm level (Figure 6.7). The majori ty of the 
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Dryopidae were also found below this level (Figure 6.6). There is also an increase in the 
total numbers of Ochthebius cf minimus above this level from 12 (below) to 30 
(above). 
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Haliplidae Haliplus spp. Latreille 1802 1 1 1 
Dytiscidae Acilius sp.Leach 1817 1 1 
Hygrotus quinquelineatus (Zetterstedt 1828) 1 
Hygrotus vers/Color (Schalier 1783.) 2 1 1 1 
Hydroporus palustris (Linnaeus 1761) 
Hydroporus sp. Stephens 1828 1 
Porhydrus lineatus (Fabricius 1775) 1 
Potamonectes depressus (Fabricius 1775) 1 1 1 1 
Agabus bipustulatus (Linnaeus 1767) 1 1 1 
lIybius sp. Erichson 1832 1 
Colymbetes fuseus (Linnaeus 1758) 1 1 
Graptodytes pictus (Fabricius 1787) 1 
Hydraenidae Hydraena riparia Kugelann 1794 1 1 
Hydraena spp.KUJl.elann 1794 3. 1 2 1 3. 1 
Hydraena testacea Curtis 1830 1 1 
Ochthebius cl minimus (Fabricius 1792) 1 4 3 1 3 8 4 5 7 6 
Umnebius spp. Leach 1815 1 1 
Heiophorus spp. Fabricius 1775 4 3 5 3 2 6 3 8 3 1 
Hydrophilidae Cercyon bilenestra!us Kuster 1851 1 1 
CercyrJn ustulatus J Pre}'Ssler 1790L 1 
Cercyon spp. Leach 1817 1 1 2 1 1 1 1 
Meqasternum boietophaqum (Marsham 1802 1 
Hvdrobius fuscipes (Linnaeus 1858) 1 1 
Laccobius spp.Erichson 1837 1 1 2 
Sphaeridium scarabaeoides (Linnaeus 1758) 1 
Dryopidae Helichus substriatus (Muller 1806) 1 
Dryops sp. Olivier 1791 1 1 1 
Elm/s aenea (Muller 1806) 2 1 
Esolus parallelepipedus (Muller 1806) 6 1 2 3 3 1 1 
Oulimnius spp. Gozis 1886 13 6 5 5 1 2 1 1 1 1 
Umnius volkmari (Panzer 1793) 1 
Riolus subviolaceus (Muller 181 7) 1 1 
Macronychus quadri/ubereula/us (Muller 1806 1 
Normandia ni/ens (Muller 1817) 3 2 3 
Total Coleoptera 35 21 23 19 19 28 19 18 15 14 1 
Total taxa 10 11 10 9 13 14 12 6 7 9 1 
PalaeoLIFE score 6.8 6.4 6.9 6.8 6.3 58 5.8 5.8 6.1 5.9 6.0 
Volume in litres 0.75 0.67 0.66 068 0.70 0.62 0.65 0.70 0.60 0.90 0.80 
Table 6.4 Coleoptera taxa in Monolith 0 ; with depth (AOT palaeochannel). Taxonom y follows 
Lucht, 1987. 
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Figure 6.6 Part 1.Coleoptera in Monolith D; with depth (AOT palaeochannel). 
This was the same pattern as seen in Monoliths A and C. Although very few members 
of the F. Dytiscidae were present in this monolith, the majority were found above the 
60-50cm level (Figure 6.6). The change in fauna here has been used as the basis for the 
zones shown on Figures 6.6. There was no significant change in the total number of 
taxa present through the monol ith. In the levels containing the shelly fauna (70-60 and 
60-50cm) there is a mixed fauna including both F. Dryopidae and F. Dytiscidae, 
possibly indicative of some mixing of environments, either pre or post depositional. 
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Figure 6,7 Coleoptera PalaeoLlFE scores for 
Monolith 0 (AOT). 
6.3.4 Monolith E 
Monolith E showed a different pattern of distribution of taxa to Monoliths A, C and D. 
The total number of taxa varied between 5 and 14. The most abundant taxon was 
Ou/imnius spp. (43, 25%) fo llowed by He/ophorus spp. (31 , 18%), Ochlhebius cl 
minimus (30, 17%), Hydraena sp. (15, 9%), Eso/us para//e/epipedus (10, 6%) and 
Rio/us subvio/aceus (6, 4%), (Table 6.5). The maximum number of indi viduals present 
in one level (37) occurred at the base. There are lower numbers of taxa present from 60-
40cm depth (5) corresponding with a slight increase palaeoLIFE score. The taxa were 
dominated by the F. Dryopidae and the F. Hydraenidae with very few Dytiscidae or 
Hydrophilidae present, with the exceptions of He/ophorus spp. and Ochlhebius cl 
minimus (Figure 6.8). 
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Dyliscidae Hygrotus versieolor (Sehaller 1783) 
Porhydrus linealus (F. 1775) 
Slielolarsus duodeeimpuslulalus (F. 1792) 1 
Polamoneeles depressus (F. 1775) 1 1 1 
I/ybius sp. Erichson 1832 1 1 
Gyrinidae Gyrinus sp. Muller 1764 
Hydraenidae Hydraena paluslris Er.1 837 1 1 
Hydraena spp. Kugelann 1794 3 3 
Hydraena leslaeea Curtis 1830 1 
Oehlhebius ef minimus (F. 1792) 5 2 1 3 
Limnebius spp. Leach 1815 1 
Hydroehus brevis (Herbst 1793) 1 
Helophorus spp.F. 1775 5 1 3 2 
Hydrophilidae Cereyon biteneslralus Kuster 1851 
Cereyon melanaeephalus (L. 1758) 1 
Cereyon uslulatus (Preys. 1790) 
Cereyon spp.Leach 1817 2 1 
Hydrobius tuseipes (L. 1758) 
Laeeobius sp. Eriehson 1837 
Dryopidae Dryops sp. Olivier 1791 1 1 
Elmis aenea (Muller 1806) 1 
Esolus parallelepipedus (Muller 1806) 1 5 
Oulimnius spp. Gozis 1886 12 6 7 • Limnius volekmari (Panz. 1793 ) 
Riolus subviolaceus (Muller 1817) 2 2 1 
Normandia nilens (Mullem 1817r) 1 
Slenelmis canalieulala (Gyll. 1808) 1 
Total Coleoptera 37 22 16 13 
Total taxa ,. 11 8 5 
PalaeoLlFE score 6A 6.5 6.' 6.6 
Volume in litres 0.75 0.82 0.98 0.92 
Table 6.5 Coleoptera taxa in Monolith E; with depth (AOT palaeochannel). 
Taxonomy follows Lucht, 1987. 
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Figure 6.8 Coleoptera in Monolith E; with depth (AOT palaeochannel). 
(Note Hydroph = Hydrophilidae) 
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Figure 6.9 Coleoptera palaeoLlFE scores for Monolith E; with depth (AOT palaeochannel) . 
Evidence for division into two zones was limited and none was made, although there was a 
reduction in the numbers of the Dryopidae present in the top two levels (20-0cm) with the 
appearance of Porhydrus linea/us, as shown in Figure 6.8. The palaeoLIFE score remained 
high (greater than 6) for the entire monolith but reduces slightly towards the top at 30-0cm 
(Figure 6.9). 
6.4 Indirect ordination analysis 
Detrended Correspondence Analysis was undertaken within the program CANOCO 4.5 (ter 
Braak and Smilauer, 2002), to examine similarities and differences in the distribution of the 
coleopleran communities between monoliths, between faunal zones above and below the 
gravel and in relation to the species LIFE groups. This was specifically undertaken in order 
10 investigate the presence of any biotic and/or environmental gradients within the data. All 
faunal data were transfonned (I0gl0 +1) prior to analysis to reduce any clustering of 
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abundant or common taxa at the centre of origin. Eigenvalues for this analysis are given in 
Table 6.6. 
Axes 1 2 3 4 Total 
inertia 
Eigenvalues 0.406 0.195 0.147 0.104 3.452 
Lengths of gradient 2.799 2.220 2.286 1.618 
Cumulative percentage varJance of species 11.8 17.4 21.6 24.6 
data 
Sum of all eigenvaJues 3.452 
Table 6.6 Summary of Eigenvalues for CoJeoptera DCA analysis (AOT). 
These values give a measure of the relative importance of each Axis in the analysis. The 
first four axes accounted for 24.6% of the ecological gradient. The graphs in Figures 6.14, 
6.15 and 6.16 represent values from Axes I and 2 only, which represent 17.4% of the total 
vanance. 
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Figure 6.10 DCA plot demonstrating the spread of Coleoptera across samples; by monolith (AOT). 
Figure 6.10 shows the data divided into monolith levels and di splayed by monolith. This 
indicates that each monolith has a wide distribution across the scale on both axes, showing 
a wide variance in the ecological association for each monolith between levels. The DCA 
results for Axis I and 2 were also grouped by relative position in the monoJjth sequence i.e. 
depth (Figure 6.11). These results were divided into two zones by using the faunal changes 
with depth (Figs 6.2, 6.4 and 6.6). 
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Figure 6.11 DCA axes 1 and 2 showing Coleoptera from samples grouped by Zone, with Monolith 
E and Gravel shown separately (AOT). 
This division indicates a significant differentiation between Zones 1 and 2 along Axis I, 
with the gravel horizons in Monoliths A and C located between Zones 1 and 2. Monolith E 
is located predominantly closer to the Zone 1 samples, with the exception of the uppermost 
levels (20-10, 10-Ocm) which fal l in Zone 2. These could therefore be considered to be part 
of the Zone 2 group. There is a clear environmental gradient along Axis J which 
di stinguishes the two zones. 
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Figure 6.12 DCA axes 1 and 2 demonstrating Coleoptera taxa grouped by LIFE group (AOT). 
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The results of the DCA analysis were grouped by the LIFE group given to each species 
(Extence et al. , 1999) (Figure 6.12). The environmental gradient here is demonstrated 
clearly on the horizontal Axis, with a spread from -3 to +5. The majority of LIFE groups 2 
and 3 are located on the positive end of Axis I and LIFE group 4, 5 and 6 found towards 
the negative end. Since the LIFE group of each species is determined by its flow 
requirements in modem fawla, thi s suggests there is a gradient associated with fl ow 
velocity within the data. 
Coleoptera palaeoLIFE scores calculated fo r each level within each monolith, correlate 
well with Axis I of the DCA giving r2 = 0.832, p<O.OO I , (Figure 6.1 3). 
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Figure 6.13 Correlation of DCA Axis 1 with palaeoLlFE score for each level (AOT). 
(P<O.001, t=15.27, DF=47) 
8 
Both of these values (palaeoLIFE score and DCA Axis I) are, however, derived from the 
same data set. Organic carbon values (%LOI) have been demonstrated to be inversely 
related to flow velocity, when measured on the River Soar (Figures 4.23, 4.24) and can 
therefore be used as an independent verification of the relationship with flow here. A plot 
of the DCA Axis I values for the Coleoptera against organic carbon (%LOI) demonstrates 
a low but significant negative correlation (r2 =0.365, p<O.OOl , Figure 6. 14). 
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Figure 6.14 Correlation of Coleoptera DCA Axis 1 with organic carbon (%LOI ) score for each level 
at AOT. (A30-20 outlier shown separately and not included in r" va lue). 
P<O.001 , t=-5.146, DF= 46. 
6_5 Comparison of Coleoptera palaeoLI FE scores across the palaeochannel 
Monoliths A, C and D all show a decrease in palaeoLIFE score from the base to the top 
(Figure 6.1 5). In Monolith A the reduction is gradual from 7.5 to 6. 15 at the gravel horizon 
(80-70cm). The palaeoLIFE score remains between 5.3 and 6.0 until the upper levels. 
Monolith C is similar with values between 7.17 and 6.4 below the gravel horizon (90-
100cm) and 5.84 and 5.36 above. Monolith D shows a smal l but definite drop at the 60-
50cm level, from between 6.3-6.9 to 5.8-6.1. Monolith E has palaeoLIFE scores between 
6.2-6.6 throughout, with a smal l decreasing trend from 40-30cm to the top. In Monoliths C 
and D there is a sharp decrease at a level (90-80cm in C and 60-50cm in D) and in 
Monolith A there is a more gradual decrease between 100-90 and 80-70cm levels. 
Monolith E does not show this pattern and palaeoLlFE scores remain high throughout. 
This overall pattern in the four monoliths reflects a change in the flow regime with time; in 
Monoliths A, C and D the lower levels at the base of the sequence indicate faster average 
flow velocities, earlier in time, (60-80 cm s -I for the Elmidae), whilst the upper levels 
show slower velocities or sti ll water typified by the Dytiscidae, most of whom are found in 
lentic waters, later in time (Nilsson and Holmen, J 995). In Monolith E the average flow 
velocity appears to have remained high throughout the time of deposition. 
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Figure 6.15 Comparison of Coleoptera palaeoLlFE scores across the palaeochannel: Monoliths A, C, D and E (AOT palaeochannel) . 
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A comparison of the mean Coleoptera palaeoLIFE scores in each monolith across the 
palaeochannel shows a decreasing trend from A to E in Zone I and an increasing trend 
from A to E overal l and in Zone 2 whilst Zone I shows a decreasing trend (Table 6.7). 
PalaeoLIFE Monolith A Monolith C Monolith D Monolith E 
score (Mean) 
Total 5.9 6.1 6.2 6.4 
Zone 1 7.0 6.7 6.6 6.5 
Zone 2 5.6 5.7 5.9 6.1 
Tabte 6.7 Comparison of Coleoptera palaeoLlFE scores across the palaeochannel width and in 
Zones 1 and 2. 
6.6 Ecological interpretation 
Monoliths A, C and D display marked differences in the composition of the coleopteran 
community in the upper (Zone 2) and lower (Zone 1) sections of the monolith. The 
Families Dryopidae and Hydraenidae dominated in Monoliths A and C and below 60-50cm 
in D (Zone I). Most of the taxa in Zone I are associated with faster running water. 
Members of the Family Dryopidae are typically found in flow velocities of 80-100cm S·I 
(Degani et aI., 1993). Hydraena riparia, for example, is found mainly in clear unpolluted 
running water, usually under stones or in gravel on the bottom of rivers or streams 
(Hansen, 1987) and not in stagnant water (Jach, 1988). It is also often found associated 
with H gracilis, H. nigri/a, H. rujipes, H. testacea and Ochthebius bic%n (Denton, 1996). 
Esolus parallelepipedus is found almost exclusively in running water (Friday, 1988) and in 
riffle sections of moderate to fast flowing streams and rivers (Merritt, 2006). Skid more 
(unpublished reference in BUGS database (2006» states that the species is found in clean 
running waters. Riolus subviolaceus is similarly found in clean rivers and streams but 
prefers base-rich waters (Friday, 1988; Duff, 1993). Normandia nitens is primarily found in 
calcareous streams and rivers (Koch, 1989) and is associated with the lower sections of 
rivers, principally amongst gravel in deep water but also at the edge on rocks and amongst 
tree roots (Foster, 2000). Polamonecles depressus elegans, a ' predatory diving beetle' and 
the elmids, Elmis aenea, Limnius volkmari and Machronychus quadriluberculatus are also 
associated with unpolluted water and sandy riverbeds (Nilsson and Holmen, (995). 
Platambus macula/us is associated with running water and wave-washed lakes (Friday, 
(988). A few species associated with slower flowing water were also recorded in Zone 1, 
such as Hydraena testacea, stated to be found in stagnant water or muddy streams (Friday, 
1988). Hansen (1987), however, states a few 'probably accidental' records from running 
water and Merritt (1995) reports the species as indicative of muddy well vegetated streams. 
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Ochlhebius cl minimus and Hefophorus spp. were found throughout all the monoliths, 
although in lower numbers in the lower levels. Ochlhebius minimus is found in almost all 
kinds of fresh water, stagnant and running, occasionally brackish, and is usually very 
abundant, mainly inhabiting shallow water among vegetation (Hansen, 1987). Harde 
(1998) gives the species a running water habitat preference, albeit at the muddy waters 
edge, whereas Friday (1988) states 'stagnant water, ponds, usually mud '. It is likely 
however, that areas of slowly flowing water existed along with muddy backwaters within 
the Aston palaeochannel. 
The upper levels of three Monoliths, A, C and D, (Zone 2) were dominated by members of 
the families Dytiscidae and Hydrophilidae. Many of the Dytiscidae have been shown to be 
poor swimmers and occur only amongst dense vegetation (Nilsson and Holmen, 1995). 
Typical of the fauna were Hydrobius jilscipes and Colymbeles foscus, both of which are 
primarily found in stagnant water, drains and ditches, usually amongst vegetation near the 
waters edge (Duff, 1993; Balfour-Browne, 1950; Hansen, 1987). Cercyon species were 
also abundant (c. uSlulatus, C Irislis, C bi/eneslralus and C. mefanocephalus). Cercyon 
us/ufa/us is assoc iated with wet leaf litter and mud at the edges of ponds, canals oxbows 
and slow rivers. Cercyon Iristis is found in a variety of wetland habitats (Foster 2000), and 
at the edges of fresh, mainly stagnant and usually eutrophic waters (Hansen 1987). Cercyon 
bi/eneslralus is known primarily from recently created habitats in gravel pits and sand pits, 
(Foster, 2000) and Cercyon melanocephalus is mainly associated with the droppings of 
various mammals, typically sheep dung but also fresh cow and horse dung, and is found 
less freq uently in other kinds of decaying organic matter (Hansen, 1987). The following 
three listed species are not strictly aquatic and hence have no associated UFE group but are 
mentioned for their interpretive value and are associated with decaying matter. 
Megasternum bolelophagum and Cryplopleurum minulum are often found in plant debris 
near water (Hansen, 1987)and Cercyon pygmaeus is associated with manure heaps, cut 
grass and fungi (Donisthorpe, 1939). Other non-aquatic species were present in the materi al 
from all monoliths including members of the families Staphylinidae, Carabidae, 
Chrysomelidae and Scarabaeidae. 
Several species of Hygro/us appeared in low numbers in Zone 2. Most are associated with 
stagnant water (Friday, 1988), although H quinquelinealus and H versicolor are found in 
slowly flowing waters (Nilsson & Holmen, 1995). Hydrochus carinalus was present in 
Monolith A and is found in vegetation rich standing waters (Koch, 1989) and Hydrophilus 
piceus in Monolith C. [n Britain, today H piceus is largely confIned to drains in coastal 
160 
levels. It is particularly associated with ivy-leaved duckweed (Lemna Irisulca) and 
common reed (Phragmites australis), and its larvae feed on water snai ls (Foster, 2000). 
Predatory diving beetles such as Porhydrus linea/us, Agabus spp. and Rhan/us spp. 
together with several Hydroporus species are also present, most of which are associated 
with still water and vegetation. Areas of open water are indicated by the presence of 
Gyrinus sp. 
The coleopteran fauna from Monolith E was different to the other three Monoliths (A, C 
and D) in that there was little evidence of a change in fauna. In thi s monolith the F. 
Dryopidae were found throughout the sequence although in considerably reduced numbers 
towards the top. There was a predominance of taxa displaying a preference for fast flowing 
water here, particularly F. Dryopidae and F. Hydraenidae. The presence of flowing water 
was also indicated throughout the profile by a palaeoLIFE score consistently above 6. 
Table S.8 List of coleopteran taxa found in the Aston on Trent palaeochannel; with LIFE group 
Family 
Haliplidae 
Oytiscidae 
Gyrinidae 
Hydraenidae 
Hydrophilidae 
Taxon 
Hafl'pfus spp. 
Acilius sp. 
Hydaticus transversalis (Pont.) 
Hygrotus decoratus (Gyll.) 
Hygrotus inequafis (F.) 
Hygrotus quinquefineatus (Zett.) 
Hygrotus versicofor (Sch.) 
Hygrotus spp. 
Hydroporus palustris (L. ) 
Hydroporus sp. 
Porhydrus lineatus (F.) 
Stictotarsus duodecimpustulatus (F.) 
Potamonectes depressus efegans (F.) 
Platambus maculatus (L.) 
Agabus bipustulatus (L.) 
flybius sp. 
Colymbetes fuscus (L. ) 
Rhantus exsoletus (Forst.) 
Graptodytes pictus (F.) 
Graptodytes sp. 
Gyrinus spp. 
Hydraena gracilis Germ. 
Hydraena nigrita Germ. 
Hydraena palus/ris Er. 
Hydraena riparia Kug. 
Hydraena spp. 
Hydraena /estacea Curtis. 
Ochthebius cf. minimus (F .) 
Limnebius spp. 
Hydrochus brevis 
Hydrochus carina/us Germ. 
LIFE Group 
IV 
V 
V 
V 
IV 
V 
IV 
IVN 
IV 
IV 
V 
11 
IV 
11 
IV 
IVN 
V 
V 
IV 
IVN 
IVN 
11 
11 
V 
IV 
IV 
IV 
V 
IV 
V 
V 
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Table 6.8 cont. 
Hydrochus e/onga/us (Schall. ) V 
Hydrochus spp. V 
He/ophorus spp. IVN 
Coelostoma orbiculare (F.) VI 
Cercyon bifenestratus VI 
Cercyon marina/us Thoms. VI 
Cercyon melanocephalus (L.) VI 
(Cercyon pygmaeus (Ill.)) N/A 
Cercyon terminatus (Marsham) VI 
Cercyon cf. tristis (Ill. ) VI 
Cercyon ustulatus (Preys.) VI 
Cercyon spp. VI 
(Megasternum boletophagum (Marhsam)) NIA 
Hydrobius fuscipes (L. ) V 
Laccobius spp. IVN 
Enochrus sp. IVN 
Cymbiodyta marginella (F.) V 
(Cryptopleurum minutum (F.» NIA 
(Sphaeridium scarabaeoides (L. » N/A 
Hydrophilus piceus (L. ) V 
Dryopidae Helichus substnatus IV 
Dryops sp. NIA 
Elmis aenea (P. Muller) 1\ 
Esolus parallelepipedus (P Muller) 11 
Oulimnius spp. IV 
Limnius volkmari (Panz.) 11 
Rio/us cupreus (P. Muller) 11 
Riolus subviolaceus (P. Muller) 11 
Macronychus quadntuberculatus P. Muller III 
Normandia nitens (P. Muller) 11 
Stenelmis canaliculata (GyIl1 808) III 
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6. 7 Summary 
This chapter has presented the results of the analysis of Coleoptera from the Aston on Trent 
palaeochannel. It has shown the spatial variation between individual monoliths of the 
palaeochannel section and the temporal variation within each monolith, in terms of the 
faunal abundance, diversity of taxa and palaeoLIFE scores for each level. Finally, DCA 
analysis has identified an envirolUllental gradient in the biotic data indicative of flow 
ve locity variations. 
Key points: 
• Three monoliths (A, C and D) display an abrupt change of coleopteran fa una with 
time, from a fast flowing adapted assemblage at the base, to one preferring slowly 
flowing or still water environments higher in the sequence. 
• This change is reflected within the Coleoptera palaeoLIFE score profiles across the 
channel. 
• DCA analysis of the coleopteran fa una for the palaeochannel as a whole displays a 
strong environmental gradient associated with palaeoLIFE score and organic carbon 
content. 
The next chapter wi ll consider the results of the analysis of the Trichoptera. 
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7 Trichoptera 
7.1 illtroductioll 
Trichoptera have been poorly utilised as indicators of palaeoenvironments and have only 
recently been recognized as valuable qualitative and semi-quantitative indicators of 
palaeoflow conditions (Greenwood el 01. , 2006). Information on the modern ecological 
di stribution and habitat preferences of the taxa present may provide an indication of the 
past ecological integrity and conditions in the river, in terms of flow velocity and presence 
or absence of macrophytes; and even information relating to the riparian flora (Gunn, 
1985). 
The primary aim of thi s chapter is to examine the spatial and temporal variat ion in the 
subfossil Trichoptera larvae present in the cross-section represented by the palaeochannel 
sediments. It is hypothesised that temporal variation in the flow regime wi ll occur within 
the charUlel deposits and will be represented by differences in the palaeoLIFE scores both 
within and between contemporary monoliths. As with the Coleoptera (Chapter 6) thi s 
involves: 
• an analysis of number of taxa and overall abundance; 
• an examination of any differences in the flow regime observed by means of 
calculation of palaeoLIFE scores (Greenwood el al. , 2006; Exlence el al. , 1999). 
Documentation of any differences in preservation may provide evidence regarding the 
sedimentary environment, or any possible transportation of material that may have 
occurred. 
This chapter collates the data relating to the subfossil larval trichopteran fauna found in the 
four main monoliths; A, C, D and E, of a former channel of the River Trent at Aston on 
Trent (Figure 3.5). All the sample depths reported are relative to the existing land surface at 
excavation. Each monolith is presented in a separate section and includes: 
• A description of the fauna and any faunal changes present; and 
• The palaeoLlFE scores for each level examined. 
PalaeoLIFE scores are then compared between monoliths, to examine the variation across 
the palaeochannel profile. Detrended Correspondence Analysis (DCA) by indirect 
ordination is then used to detect the presence of any biotic and/or environmental gradient 
within the ecological data. Finally, the described trichopteran faunal di stribution for the 
entire palaeochannel is compared with contemporary faunalli sts for the area (G Fretwell, C 
Hobday, Environment agency) 
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The abundances in the tables presented in thi s chapter represent the raw totals extracted, 
whereas the depth diagrams have been normalized to take into account the volume of 
sediment processed (abundance per-li tre). This was carried out in order to remove any 
effects of the variation in the water content of the samples. A full li st of the Trichoptera 
taxa present in the palaeochannel, together with LIFE scores is given in Table 5.8 at the 
end of the chapter. 
7.2 Palaeochannel results 
A total of 44 taxa representing IS fami lies were found within the four monoliths (Figure 
7. 1). These were represented by a total of 1844 individual Trichoptera. One frontoclypeal 
apotome was therefore taken to represent one individual larva. Overall abundance for the 
Trichoptera (1844) is higher than that for the Coleoptera (1296) although the number of 
Trichoptera taxa present (44), is lower than the total for the Coleoptera (58) . 
The Hydroptilidae are exceptional in that they are only represented by larval and pupal 
cases found within the floated material. No hydroptilid larval material was found as the 
frontoclypeal apotome in this fami ly are very small (less than 125 J.1m) and are either not 
preserved or remain unrecognized. 
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Figure 7.1 Log abundance of Trichoptera by family and monolith (AOT palaeochannel). 
The most abundant families overall are the Hydropsychidae and Brachycentridae. The 
Beraeiidae, Rhyacophilidae, Oecetini (Tribe of the Leptoceridae) and Drusinae (Tribe of 
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the Limnephilidae) are only represented by single speCimens, as IS the Phryganeid 
Trichoslegia minor and several other Limnephi lidae - GJypholaeJius pellllcidlls, 
Limnephilus jusicornis and HaJesus digi/a/us . The most abundant taxa were Brachycentrus 
subnubilis (28.8%) and Hydropsyche conlubernalis (25 .1 %), followed by Lepidosloma 
hirtum (6.8%) and Cheumatopsyche lepida (5.8%), a species not found in the R. Trent 
today (Wallace, 1991). Less abundant are Hydropsyche pellucidula (3.7%) and 
Limnephilus sp. villatus type (2.7%). 
Each monolith shows temporal variation throughout each profi le and spati al variation 
occurs between monoliths (Table 7.1 ). Monolith C was the deepest at 1.8 metres and 
contained the most Trichoptera (668). Monolith A contained the least Trichoptera overall 
(263) and the lowest mean number of Trichoptera (29.4) per-litre of material processed 
(Table 5.1 ). Monoliths 0 and E contained the highest mean numbers of Trichoptera (62.6 
and 6 1.8 respectively) per-litre of sediment processed (Table 7. 1). 
MONOLITH A C D E 
Length in metres 1.1 1.8 1.0 0.9 
Total Abundance 263 668 434 479 
Abundance per litre 29.4 52.5 62.6 61.8 
Number of taxa 31 41 33 25 
Table 7.1 . Table of comparison of abundance of Trichoptera by Monolith, as represented by the 
frontoclypeal apotome (AOT palaeochannel). 
7.3 MOl/olith Results 
The trichopteran fauna from each monolith will be described as a unit with a table of 
abundance and number of taxa present for each level. A depth diagram is also presented 
and appropriate divisions into zones discussed. The LIFE score for each monolith is 
presented with a discussion of any variations seen. 
7.3.1 Monolith A 
The distribution of the Trichoptera within Monolith A is shown in Table 7.2. Trichoptera 
were found in all levels, with higher densities towards the base at 110-90cm and at 70-
50cm. The highest number of taxa recorded was 17 at 70-60cm depth. The most abundant 
taxa were Brachycentrus subnubilis and Hydropsyche conlubernalis fo llowed by 
Limnephilus sp. vitta/us type, Phryganea grandis and Cyrnus jlavidus. These 5 taxa 
represent 54.4% of the total fauna. Stratigraphical ly, the sequence can clearly be divided 
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into two zones, above and below a gravel horizon at 90-80cm. The number of taxa drops to 
5 wi thin the gravel horizon (90-80cm) and the overall faunal assemblage changes above 
this level (Table 7.2). The mean number of taxa per-level is approximately 10, both above 
and below the gravel horizon. Abundance is also low within the gravel hori zon and upper 
three levels of the monolith (30-0cm). 
ZOlle 1 (110-90cm) 
The fauna at the base of the monolith in Zone I (base to 90cm) is dominated by two 
species, Hydropsyche contubernalis and Brachycentrus subnubilis (Figure 7.2). 
Brachycentrus subnubilis is usually found in large streams and rivers along with 
Lepidostoma hirtum (Edington and Hildrew, 1995), also recorded in low nunlbers here. 
There are also a number of other taxa present in smaller numbers, Goera pilosa and 
Glossosoma sp., Serieostoma personalum, Molanna anguslala, Phryganea bipunclala and 
Psychomyia pusilla. Single specimens of other Phryganeidae and Limnephilidae are present 
(Triehoslegia minor and Halesus radialus) . 
ZOlle 2 (80-0cm) 
Above the gravel horizon (90-80cm) in Zone 2, the faunal diversity increases and it is no 
longer dominated by the Hydropsychidae; although Braehyeentrus subnubilis persists until 
70-60cm, in high numbers. The highest di versity occurs just above the gravel horizon at 
70-60cm (17 taxa) and overall abundance and di versity are reduced towards the top of the 
monolith (30-0cm). Zone 2 of Monolith A is characterised by the presence of the 
Limnephil idae, Polycentropodidae and Phryganeidae. Cyrnus jlavidus, Holoeenlropus 
dubius and Holoeenlropus picicornis are also found in small nunlbers with Agrypnia 
page/ana, Phryganea bipunelala and Triaenodes bieolor. The higher numbers of 
Limnephi lidae recorded here demonstrate a change in the overall fauna from that in Zone 1, 
with Limnephilus decipiens, L. sligma, and Anabolia nervosa. Grammolaulius sp., L. 
jlavicornis, L. rhombicuslmarmoratus and Trichoslegia minor are only found in this zone. 
The most commonly found Limnephil id in levels 70-40cm is Limnephilus 'villalus ' type 
(Figure 7.2). The Leptoceridae are represented by Alhripsodes aterrimus, Ceraclea cr. 
nigronervosa and Alhripsodes albifrons. One individual of the Psychomyiidae 
(Tinodes/Lype) is also present. Calculation of the palaeoLIFE score fo r this monolith 
emphasizes the change in the faunal community structure from Zone 1 to 2, at 90-80cm 
(Figure 7.3). 
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Table 7.2 Abundance of Trichoptera in Monolith A; with depth (AOT palaeochannel). 
Taxonomy follows Barnard, 1985. 
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Figure 7.3 Trichoptera PalaeoLlFE scores wi th depth in Monolith A (AOT). 
PalaeoLlFE scores at the base (110-90cm) are high (around 8.0), denoting faster flow 
velocities below the gravel horizon (90-80cm). There is a large reduction from 8.0 to 6.8 at 
the gravel horizon and levels decrease to a minimum of 5.0 at 20-1 Ocm. 
7.3.2 Monolith C 
This is the longest monolith collected, at 1.8m length and was closest to the centre of the 
palaeochannel (Table 7.1). A total of668 individual Trichoptera were recorded (Table 7.2). 
The monolith had the highest total number of taxa (41) of all four monoliths (Table 7.1). 
The monolith can be divided in two faunal zones, as in Monolith A, above and below a 
gravel horizon (100-90cm). The greatest number of taxa found in one sample is 19 at 160-
150cm with the greatest number of individuals (123) found at I 60-170cm. This abundance 
is high when compared to the abundance of Coleoptera at this level (39) (See chapter 6, 
section 6.2, Table 6.1). 
The numbers of Trichoptera and their diversity are lower above the gravel horizon in Zone 
2, than below it, with the lowest number of taxa (4) within the gravel itself at 100-90cm. 
The most abundant taxa are Hydropsyche con/ubernalis (144, 22%), Brachycen/rus 
subnubilis (11 , 17%), Lepidos/orna hir/urn (86, 13%), Cheurna/opsyche lepida (64, 10%) 
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and Hydrop.lyche pelluciduJa (36, 5%). Together these constitute 67% of the total fauna for 
this monolith . 
Zone I (J80-JOOcm) 
The fauna in thi s zone is similar to that at the base of Monolith A (Zone I) consisting of 
mainly taxa typical of fast flowing water - Hydropsyche contubernalis, Hydropsyche 
pelluciduia, Cheumatopsyche iepida, Glossosoma sp., P.lychomyia pusilla and Goera 
pi/os-a. An addition to the fauna is Rhyacophila dorsalis, a free-moving predatory species 
found in clean water, usuall y on rock surfaces and restricted to fast fl owing water 
(Edington and Hildrew, 1995). None of these fast flowing water species are found in Zone 
2. Mean taxon richness is 13, with an average of 66 frontoclypeal fragments per-level. 
The fauna is dominated by Hydropsyche contubernalis (144) and Brachycenlrus subnubilis 
(107) (Figure 7.4), but Lepidostoma hirtum (86) and Cheumatopsyche lepida (64) are also 
abundant. Hydropsyche pellucidula (36), Tinodesl Lype species (I) and Lasciocephala 
basalis (5) are present in smaller numbers within two levels. The latter is not found in any 
of the other monoliths but has a close association with woody debris (Hoffmann & Hering 
2000) . Polycenfropus jiavomaculatus (2) which is characterist ic of slower flow velocities 
is represented by single specimens in levels l80-l70cm and 160-l50cm. There is a limited 
fauna from the Family Limnephilidae and many fragments show signs of considerable 
degradation and therefore, possibly transport. The presence of a single GJyphotaelius 
peJlucidus (Plate 7.1 ) is notable, however, as it has previously not been recorded in 
palaeoecological reports for the River Trent (Greenwood, pers. comm.). This species is 
associated with small pools overhanging trees and constructs its case from circles cut from 
fallen leaves, thus showing a similar association with ' wood' , as with Lasciocephala 
basalis (Hickin 1967). 
Halesus radia/us (7) and Chaetopteryx villosa (2), both of the subfamily Limnephilinae, 
are represented by single specimens and Sericosfoma personatum (8), Molanna angustata 
( 12) and Limnephilusfusicornis (I) are also present in low numbers. Cased caddis from the 
family Leptoceridae present are Athripsodes albifrons (7), A. cinereus (4) and Cerac/ea 
nigronervosa (3) all of which are found predominantly in lotic waters. The presence of a 
smooth Hydroptilid case (plate 7.2) is proxy evidence of the presence of fchthylrichia sp. 
A single example of Berea puJiata (Plate 7.3) was also found at l60-\50cm. This species is 
associated with the roots of marginal vegetation (Wallace et al., 2003). 
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Rhyacophilidae Rhyacophila dorsalis (Curtis, 1834) 1 I 
Glossosomalidae Glossosoma sp, Curtis, 1834 1 1 11 
Psychomyiidae Psychomyia pusilla (F,. 1781) 1 1 1 11 
Tinodes/LyPll SP. Leach, 18151Mclachlan, 1878 1 11 
Polycenlropodidae Cymus flavidus McLachlan, 1864 2 1 2 5 2 1 1 IV 
Cymus trimaculatus (Curtis, 1834) 1 IV 
Cymus sp. Slephens, 1836 1 V 
HolocentroJlUs dubius (Rambur, 1842) 2 2 1 V 
Holocentropus picicomis (Slephens, 1836) 1 2 V 
Polycentropus flavomaculatus (pictel, 1834) 1 1 11 
Hydropsychidae Cheumatopsyche lepida (Pictel, 1834) 17 9 8 7 6 11 3 3 11 
Hydropsyche contubemalis McLachlan , 1865 35 33 24 21 14 3 7 7 11 
Hydropsyche pellucidula (Curtis, 1834) 10 6 6 7 3 1 3 II 
Phryganeidae Agrypnia pagetana Curtis, 1835 1 1 3 1 1 4 V 
Phryganea bipunctata Retzius, 1783 2 2 1 1 2 1 1 1 51V 
PhryganealAgrypnia spp. 1 1 1 1 IV 
Brachycentridae Brachycentrus subnubilis Curtis 1834 11 24 10 18 5 17 16 6 1 1 1 1 II 
Lasiocephala basalis (Kolenali, 1848) 2 3 11 
Lepidoslomatidae Lepidostoma hirlum (F., 1775) 4 31 13 13 2 16 5 1 1 II 
Limnephilidae Halesus radiatus (Curtis, 1834) 1 1 4 1 11 
Halesus sp. Slephens, 1836 1 II 
Chaetopteryx villosa (Fabricius, 1798) 1 1 11 
Anabolia nervosa (Curtis , 1834) 1 2 1 3 IV 
Glyphotaelius pellucidus (Rellius, 1783) 1 IV 
Grammatalllius cf. nigropunctatus (Retzius, 1783) 1 V 
Grammotalllius spp. Kolenali, 1648 1 1 1 1 V 
Limnephi/us decipiens (Kolenali , 1838) 1 1 1 IV 
L. flavicomis (F., 1787) 1 1 2 1 2 2 1 1 V 
L. fusioomis (Rambur, 1642) 1 11 
Table 1,3 Abundance of Trichoptera in Monolith C; with depth (AOT palapeochannel). Taxonomy follows Barnard, 1985. 
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L cf. lunatusiincisus Curtis, 1834 2 1 1 IV 
L. rhombicuslmarmoralus 1 1 1 1 IVII 
i (L., 17581 and Curtis 1834 
L stigma Curtis, 1834 1 1 2 1 1 V 
Limnephilid typ~ C 1 2 1 1 1 1 IV 
Umnephilus villalus type (F., 1798) 1 2 2 1 2 1 5 4 3V 
Limnephilidae inde\. 1 2 2 2 2 1 3 1 2 3 3 IV 
Goeridae Goera pilosa (F., 1775) 1 1 1 I 
Beraeidae Berea cl. pullala (Curtis, 1834) 1 III 
Serieostomatidae Sericosloma personalum 2 2 3 1 11 
(Spenee in Kirby & Spenee, 1826) 
Molannidae Molanna anguslala Curtis 1834 3 2 2 4 1 1 1 IV 
Leptoceridae Alhripsodes albifrons (L., 1758) 1 3 1 2 IJ 
Alhripsodes alerrimus (Stephens, 1836) 2 2 1 3 2 IV 
Alhripsodes cinereus (Curtis, 1834) 2 1 1 IJ 
Ceraclea ef nigronervosa (Retzius. 1783) 1 1 1 IV 
Triaenodes bic%r (Curtis, 1834) 1 1 1 1 1 IV 
Ithy/richia case Eaton, 1873 1 IJ 
Total Triehoptera 89 123 83 74 35 62 42 21 5 7 23 20 13 10 8 12 26 15 
Total taxa 16 17 19 12 9 12 12 6 4 5 13 11 10 9 7 6 13 7 
PalaeoLlFE score 7.7 7.5 7.5 7.6 7.6 7.8 7.0 8.0 6.8 5.8 5.6 5.6 5.7 5.6 5.7 5.5 5.8 6.3 
Volume in litres 0.67 0.80 0.68 0.73 0.75 0.65 0.70 0.65 0.68 0.75 0.70 0.70 0.62 0.65 0.75 0.75 0.75 0.75 
Table 7.3 continued . Abundance ofTrichoptera in Monolith C; with depth (AOT palaeochannel) . Taxonomy follows Barnard, 1985. 
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Figure 7.4 Part 2. Trichoptera Monolith C; with depth (AOT palaeochannel) . 
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Plate 7.1 G/yphotaelius pel/ucidus fronloclypeal 
apotome from Monolith C (AOT) Scale ~ 1.2mm 
Plate 7.3 Frontoclypeal apolome of 8erea pu/lata from 
Monolith C AOT Scale ~ O.35mm 
Zone 2 (90-0cm) 
Plate 7.2 Case of Ithytrichia species 
(Hydroptilidae) from Monolith C (AOT) 
Scale ~ 3.0mm 
Plate 7.4 Limnephilus vittatus type from 
Monolith C AOT Scale ~ O.65mm 
This zone includes Cyrnus flavidus (9), Holocenlropus dubius (5) and Holocenlropus 
picicornis (3) but no Hydropsychidae, Rhyacopbilidae or Lepidostomatidae. The mean 
diversity is 9 taxa per-level. Overall abundance is also lower here than in Zone I, below 
the gravel, (15 taxa per-level). Agrypnia pagetana (11) and Phryganea bipunctata (12) are 
recorded in low numbers. A few degraded Brachycenlrus subnubilis (3) are found which 
may have been washed in from a faster flowing section of the channel or reworked from 
older sediments. The majority of taxa from the Family Limnephilidae are found above the 
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gravel horizon (Figure 7.4). The range of Limnephilidae above the gravel horizon is also 
similar to Monolith A, includ ing Limnephilus jlavicornis (9), L. decipiens (3), L. 
rhombicuslmarmoratus (3) and L. lunatusl incisus (4). The unidentified Limnephilus sp. 
villalus type is the most abundant Limnephilid recorded (21 ) (p late- 7.4). The Family 
Leptoceridae is represented by Alhripsodes aterrimus (10) and Triaenodes bieolor (5) . 
Both of these are usually fo und amongst vegetation (Wal lace et aI., 2003) 
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Figure 7_5 Trichoptera palaeoLlFE scores Monolith C; with depth (AOT). 
PalaeoLIFE scores for Monolith C vary between 6.9 and 8 below the gravel hori zon (Zone 
1) and between 5.4 to 6.1 above the gravel (Zone 2), thus indicating a clear change in the 
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flow regime (Figure 5.7). There is a peak value of the palaeoLIFE score (8) at 110-1 OOcm, 
immediately below the gravel horizon. 
7.3.3 Monolith D 
Fauna from Monolith D are presented in Table 7.4. A total of 434 Trichoptera were 
recorded in 10 levels. No fragments were found in the top level 10-0cm which is therefore 
not illustrated. This monolith has the highest number of Trichoptera recorded per-litre 
(62.6). The most abundant taxa in thi s monolith are Brachycentrus subnubi!is (168, 39%), 
and Hydropsyche contubernalis (I 32,20%), fo llowed by Cheuma/opsyche lepida (15, 3%) 
and H pellucidula (13 , 3%). Together with Lepidos/oma hir/um (10, 2%) these account for 
68% of the taxa found. Below 60-50cm the mean abwldance is 70 per-sample and the 
mean number of taxa recorded was 12. 
The composition of the fauna resembles Monoliths A and C in the levels from the base to 
60-50cm, dominated by Hydropsyche contubernalis and Brachycentrus subnubilis. 
Halesus radicJ/us and H. digitalus are also present at 90-80cm and 70-60cm respecti vely. A 
si ngle specimen of Oece/is lacuslris was found within the same level. This species is 
usually associated with a muddy sandy substrate and found amongst tree roots (Wall ace el 
al., 2003). Above the 60-50cm horizon the average abundance fall s to 17 and the number 
of taxa to 9. There are more taxa assoc iated with lower fl ow velocities such as members of 
the family Polycentropodidae (Cyrnus flavidus and Ho!ocenlropus dub ius) and several 
Limnephilids. This drop is particularly noticeable in the top two levels (30- IOcm). A 
member of the Drusinae (F. Limnephilidae) possibly Ecclisopteryx sp. is recorded at 60-
50cm (Figure 7.6). There is a greater mix of fauna within thi s monolith as illustrated by 
A Ihripsodes albifrons recorded at 5 levels throughout the monolith. Similarly, Molanna 
anguslata is found throughout the centre section of the monolith from 80 to 40cm depth. 
This species is often associated with slower flow velocities and is found on sandy or 
'muddy' substrates (Wall ace el al. , 2003). Brachycentrus subnubilis becomes more 
abundant towards the top of the monolith (20-1 Ocm). This monolith does not have the clear 
gravel hori zon that was distinguishable in Monoliths A and C. There is however a 
suggestion of a change in fauna at a depth of 50-60cm, where there is a clear reduction in 
abundance of Hydropsyche contubernalis, which is the basis of the zonation shown in 
Figures 7.8 and 7.9. The environment may have been more variable, possibly with a degree 
of rework.ing as there is more mixing of the taxa associated with faster or slower flow 
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velocities, particularly between 70-S0cm. These are also the levels which contain the shelly 
molluscan fauna. 
~ ~ 
~ :0; ;;; i ; ; ~ ~ ::: ; ~ ;. Family Soecies Monolith 0 deplh in cm ~ 
Glossosomatidae Glossosoma boffoni Curtis 1834 1 
Psychomyiidae Glossosoma sp. Curtis 1834 2 
Tinode£'l.ype sp. Leach, 1815/McLachlan, 1878 2 
Polycentropodidae Gymus flavidus McLachlan, 1864 3 I 1 2 
Gymus lomaculatus (Curtis, 1834) I I 
Gymus sp. Slephens, 1836 I I 
Holocentropus dubius (Rambur, 1842) I I I 
Holocentropus picicomis (Stephens, 1836) I 
Polycentropus flavomacu/atus (Pictel, 1834) I 
Hydropsychidae Gheumatopsyche tepida (Pictel, 1834) 5 6 I 2 I 
Hydropsyche contubema/is McLachlan , 1865 30 51 24 10 12 I 2 2 
Hydropsyche oellucidula (Curtis, 1834) 2 4 3 2 I I 
Hydropsyche sp. Pictel, 1834 I 
Phryganeidae Phryganea bipunctata Retzius, 1783 2 6 I 
PhryganeaJAgrypnia sp. I 
Bracllycenlridae Braehyeentrus subnubilis Curtis 1834 21 55 19 22 20 10 I 4 3 
Lepidostomalidae Lepidostoma hirtum (F., 1775) I I I 4 I 2 
Limnephilidae Drusinae I 
Halesus digitatus (Schrank, 1781) I 
Halesus radiatus (Curtis, 1834) I 
Anabolia nervosa (Curtis , 1834) I 2 I 
Grammotau/ius sp. Kolenali , 1848 1 
Limnephi/us flavicomis (F., 1787) I 1 
L. lunatuslincisus Curtis, 1834 1 
L. stigma Curtis, 1834 1 2 
Limnephilid type C 
Limnephilus viNatJls type (F., 1798) 1 3 2 
Limnephilid indet. 1 I 1 1 4 
Goeridae Goern pilosa (F. , 1775) 1 1 2 
Sericostomatidae Sericostoma personatum 
Spence in Kirby & Spence, 1826) 2 I 
Molannidae Molanna angustata Curtis 1834 I 2 1 1 I 
Leplcx:eridae Athripsodes albifrons (L., 1758) 1 1 3 I 1 
Athripsodes atemmus lSI~flhens , 18361 1 
Alhripsodes einereus (Curtis, 1834) 1 4 
Athripsodes sp. Billberg, 1820 1 
Gernelea ef nigronervosa (Retzius. 1783) 3 1 I 1 
OflC€tis lacustlis (PiGlel, 1834) 1 
Total Trichoptera 67 131 53 42 55 27 12 20 12 
Total taxa 11 13 8 8 16 12 9 12 6 
PalaeoLlFE score 7.6 7.9 7.3 7.5 7.3 6.2 6.7 6.8 
Volume in Litres 0.75 0.67 0.66 0.68 0.70 0.62 0.65 0.70 
Table 7.4 Abundance of Trichoptera in Monolith D; with depth (AOT). (Note - 10-0cm no 
Trichoplera were present). 
Taxonomy follows Barnard, 1985. 
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Figure 7.6 Part 1. Trichoptera Monolith 0 ; with depth (AOT palaeochannel). 
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Figure 7.7 Trichoptera paiaeoLl FE scores in Monolith D (AOT). 
The palaeoLTFE values for Monolith D reflect the change in fauna at the 60-50cm level 
with a marked reduction from 7.1 to 5.95. A maximum palaeoLIFE score of 7.92 occurs at 
I 00-90cm. Levels then increase again to 6.75 between 50-40cm to 20-1 Ocm, just below the 
top (Figure 7.7). 
7.3.4 Monolith E 
This monolith shows the most consistent trichopteran fauna throughout its depth without 
any obvious breaks (Table 7.4). A total of 479 Trichoptera were present in 9 levels. It is 
also dominated by the taxa Brachycenlrus subnubilis (195, 41 %) and Hydropsyche 
contubernalis (156, 33%), followed by Cheumalopsyche lepida (23, 5%) and Lepidosloma 
hirlum (21 , 4%). Alhripsodes albifrons (10, 2%) is also relatively abundant within this 
monolith (Figure 7.8). This monolith has the lowest overall diversity with only 25 taxa 
present. Diversity is greatest at level 40-30cm, with 18 taxa present and is much lower (5 
and 3) for the two uppermost levels (20-0cm), as in Monolith D. There is some evidence of 
a change in fauna at 20-1 Ocm, where the disappearance of Hydropsyche con/ubernalis and 
several other taxa (Molanna angus/a/a, Goera pi/osa and all Leptoceridae), together with 
an overall reduction in abundance and diversity, suggests a division into Zone 1 and 2 at 
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this point (Figure 7.8). Lower numbers of Brachycentrus subnubilis persist to the top of the 
profile. 
There are very few representatives of the Family Limnephilidae present in Monolith E with 
the exception of Anabolia nervosa (7) with many small instars unidentifiable beyond 
fami ly level. A few Cyrnus sp. (5) were found between levels 50-40cm and 20-LOcm 
(Figure 7.8). One specimen of Grammolaulius sp. was also found with an unidentifi ed 
Group C limnephilid. The majority of taxa are similar to those at the base of Monoliths A 
and C; Goera pilasa (3), Sericosloma persona/um (3) and Psychomyia pusilla (3). 
Family I Species Monolilh E depth in cm 
I bollon; Curtis 1834 
sp.Curtis 1834 
Dusilla (F ,. 1781) 
, 1864 
III 
III 
III 
IIV 
37 25 13 22 2' 9 41 IS 8111 
:11 
III 
li I type 
'Ii inde 
cera pilosa (I , 1775) 
'otal' 
p.I •• nl ' score 
dn L 
4 1 4 2 3 
1 
4 
4 1 
3 
1 
1 2 1 
89 5, 41 55 8 37 
9 5 10 12 
8.0 7. 8.0 8.0 7. 7.4 
0.75 0.8. 0.98 0.92 0.8 0.92 0.1 
Table 7.5 Abundance of Trichoptera Monolith E; with depth (AOT palaeochannel). 
Taxonomy follows Barnard, 1985. 
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A comparison of the palaeoLIFE scores for Monolith E with depth shows values between 
8 and 6.7, which are, on average, higher than the other monoliths, with only one level (20-
IDem) below 7 (Figure 7.9). The abundance and number of taxa in thi s level is very low 
(5) and hence the calculation is affected by the relative overabundance of taxa representing 
slow flow (3 out of 5) despite the higher abundances of taxa indicating higher flow. High 
levels (8) at the top of the monolith ( I O-Ocm) indicate a return to flowing conditions at this 
point. 
7.4 Indirect ordination analysis 
Detrended Correspondence Analysis was undertaken within the program CANOCO 4.5 
(ter Braak and Smilauer, 2002) to examine sim ilarities and differences in the distribution of 
the trichopteran communities between the monoli ths, between fa unal zones above and 
below the gravel and in relation to the species LIFE groups. This was specifically 
undertaken in order to investigate the presence of any biotic andlor environmental 
gradients within the data. All faunal data were transformed (IoglO + I) prior to analysis to 
reduce any clustering of abundant or common taxa at the centre of origin. Eigenvalues for 
this analysis are given in Table 7.6. These values give a measure of the relative importance 
of each Axis in the analysis. The first fo ur axes accounted fo r 36% of the variance within 
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the ecological data. The grapbs in Figures 7.10, 7.11 and 7.12 represent values from Axes 
I and 2 only, which accounts for 29% of the variance. Figure 7.15 indicates that each 
monolith is widely dispersed in ordination space across both axes, with the exception of 
Monolith E, which is grouped at the positive end of Axis 1, indicating a similarity of the 
communities within this monolith. 
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Figure 7.10. DCA Axes 1 and 2; Trichoptera abundance from Aston on Trent palaeochannel 
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Figure 7.11 DCA Axes 1 and 2; Trichoptera from Aston on Trent palaeochannel grouped by Zone 
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The same data can be grouped by depth and position within the monolith . This gives an 
indication of the separation of the ecological zones within the ordination space. Zones have 
been defined by using the faunal changes with depth as shown in Figures 7.2, 7.4, 7.6 and 
7.8, (Figure 7.11). This indicates a clear distinction between Zones I and 2 with the gravel 
horizon located closest to Zone 2. 
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Figure 7.12 DCA Axes 1 and 2; Trichoptera from Aston on Trent palaeochannel grouped by LIFE 
group 
Using the Trichoptera LIFE groups, and hence flow requirement for each taxa, to separate 
the data, demonstrates a marked gradient on Axis I (Figure 7.12). The gradient here is seen 
clearly with the majority of LIFE groups 1 and 2 on the positive end of the Axis and LIFE 
flow groups 4, 5 and 6 on the centre and negative end. Since the LIFE group of each 
species is determined by its velocity preferences in modern fauna (EX1ence et al., 1999), 
thi s suggests there is a strong environmental gradient associated with flow velocity within 
the data. 
Axes 1 2 3 4 Total 
inertia 
Eigenval ues 0.650 0.207 0.110 0.092 2 .936 
Lengths of gradient 3.566 3.592 1.816 1.907 
Cumulative percentage variance of species 22.1 29.2 32.9 36.1 
data 
Sum of all eigenvalues 2 .936 
Table 7.6 Eigenvalues for DCA analysis of the Trichoptera (AOT). 
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A correlation of DCA Axis I was plotted against the palaeoLlFE scores for each level 
(Figure 7.13). This demonstrates a clear negative relationship between the Axis 1 level 
scores and palaeoLlFE score (r2 = 0.904, p<O.OOI). This gives an r2 value sl ightly higher 
than that for the Coleoptera (r2 = O. 832, p<O.OOI) but as for the Coleoptera the two 
variables are derived from the same data. 
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Figure 7.13 Correlation between DCA Axis 1 and Trichoptera palaeoLl FE score for Aston on Trent 
palaeochannel samples. P<0.001 , t=20.84, DF=46. 
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Figure 7.14 Correlation between DCA Axis 1 (Trichoptera) and organic carbon (%LOI) for Aston 
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An independent conflffilation, as with the Coleoptera, can be found by correlation of the 
DCA Axis 1 with the organic carbon content of each level (Figure 7.14). This demonstrates 
that there is an inverse relationship between the organic content of the sediments and Axis 
1 of the DCA (r2 = 0.353). Since less organic material would been present in sediments 
produced from higher flows this corroborates the evidence that Axis 1 represents an 
environmental grad ient associated with flow velocity. 
7.5 Comparison of TricllOptera palaeoLJFE scores across the palaeochannel 
A comparison of the palaeoUFE score values for each of the monoliths illustrated above 
shows both similarities and differences in the inferred flow regimes both spatially, 
(between monoliths) and temporally (vertically within each profi le) (Figure 7.15). 
Comparison of mean Trichoptera palaeoLIFE scores across the channel profile shows an 
increasing trend from A to E for both total values and Zone 2. Values for Zone 1 are 
comparable across the profile but higher in A and E. All values are lower in Zone 2 than 
Zone I (Table 7.7). 
LIFE score Monolith A Monolith C Monolith D Monolith E 
Mean 
(Both zones) 6.3 6.6 6.9 7.6 
Mean Zone 1 8.0 7.6 7.5 7.7 
Mean Zone 2 5.8 5.8 6.5 74 
Table 7.7 Comparison of mean Trichoptera palaeoLlFE scores across the palaeochannel and for 
Zones 1 and 2 (AOT). 
Monoliths A and C both show a large reduction in palaeoLIFE score above the gravel 
horizon compared to below, indicated by values between 7 and 8 below and 5 to 6 above. 
Monolith D also has a reduction but at a slightly higher strati graphic level (60-50cm) when 
compared to Monolith C (90-80cm). The fall in palaeoLIFE score is also less marked and 
is from 8 to 6 but ri sing back to 6.5 -7 within the next 10cm. Monolith E has palaeoLIFE 
scores between 7 and 8 for 8 out of 9 levels, with a small reduction to 6.5 at 30-20cm.This 
could be comparable with the reduction in the other monoliths but is considerably less 
marked. In addition the considerably lower abundance of Trichoptera found in the upper 
parts of the monoliths should indicate a cautious approach to interpretation particularly as 
the scale of any change of community is not large in this zone. 
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Figure 7.15 Comparison ofTrichoptera palaeoLlFE scores across the palaeochannel: Monoliths A. C, D and E (AOT). 
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Temporally, Monoliths A and C and D appear to show a flow regime in Zone I with faster 
average velocities (higher palaeoLIFE scores, 7.S-B .0) and a different flow regime in Zone 
2 with much lower average flow velocities (lower palaeoLIFE scores S.B-6.S). Monolith E 
appears to be characterised by moderate to high flow velocities throughout the majority of 
the profile depth (7.4-7.6). A list of Trichoptera taxa for the entire palaeochannel section 
with LIFE group values is shown in Table 7.9. 
7.6 Ecological interpretation 
The fauna in Monolith A can be divided into two distinct zones, above and below the 
gravel horizon at 90-BOcm (Figure 7.4). The lower, Zone (I), is dominated by two taxa, 
Hydropsyche contubernalis and Brachycenlrus subnubilis. All of the Hydropsychidae are 
case less caddis and net spinners, catching prey in flowing water. H conlubernalis typically 
spins nets in flows of around IScm S·I (Edington and Hildrew, 1995). The lower and upper 
tolerances of flow velocity for this species, calculated from the River Spree in Germany 
were B.3 cm S·I and 3B.3 cm S· I (Brunke el al., 200 1). Nets are usually constructed in the 
spaces between stones. 
In British rivers there are well-marked downstream sequences of species in the families 
Hydropsychidae and Polycentropodidae which seem to be linked with physical factors and 
gradients down the watercourse (Edington and Hildrew, 1995). H pellucidula is usually 
found in the middle reaches of large rivers and Cheumatopsyche lepida in the lower 
reaches (Edington and Hildrew, 1995), both of which are also found in the palaeochannels 
at Aston on Trent. Brachycentrus subnubilis (Brachycentridae) is also indicative of fast 
flow velocities and has a unique method of feeding, fi ltering out particles of food from the 
flow via spines on its femora (part of the leg). It is also usually found in large streams and 
rivers along with Lepidostorna hirturn (Lepidostornalidae), also found at thi s site (Edington 
and Hildrew, 1995). There are other taxa present associated with high flow velocities -
Goera pilosa and Glossosoma sp. (particularly bolloni) are associated with fast flowing 
water and display a preference for gravel substrates (Wallace et ai., 2003). Goera pilosa is 
classified as flow group 1 (Extence el al., 1999) and therefore represents flow velocities 
> 100 m S·I Another indicator of a gravel substrate is Psychornyia pusilla, whereas 
Molanna anguslala displays a preference for sand (WaUace el al., 2003). Both Goera 
pilosa and P5ychornyia pusilla were found to prefer cobhles in deep water (20-30cm) with 
a smooth surface in a Slovenian stream (Urbanic et ai., 200S). Sericostorna personaturn is 
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also associated with silts and sand, where the spring diatom community is well developed 
(Wallace et al. , 2003). 
Above the gravel horizon (Zone 2) the faunal assemblage in Monolith A is substantially 
different. It is characterized by the presence of the families Limnephilidae, 
Polycentropodidae and Phryganeidae although there is some persistence of Brachycentrus 
subnubilis until 60-70cm. These groups have a very different ecological association and are 
mostly associated with slowly flowing or still water environments (Wallace el ai. , 2003). 
Cyrnus flavidus (Polycentropodidae) is a predatory net spinner found primarily in slow 
flowing or still water, often associated with Holocenlropus dubius and H picicornis 
(Edington and Hildrew, 1995). Agrypnia pagelana and Phlyganea pagelana are found 
associated with emergent vegetation, as is Triaenodes bieolor (Wallace el al., 2003). The 
higher numbers of Limnephilidae represented here show a similar environmental picture 
with L. decipiens, L. stigma, and Anabolia nervosa all associated with vegetation in still or 
slowly flowing water (Figure 7.4). Grammo/aulius sp. and Trichoslegia minor are found in 
pools that may dry out in summer and L. flavicornis and L. rhombicuslmarmoratus are 
indicative of still or slow flowing water (Wallace et al., 2003). A variety of substrates and 
habitat patches may have been present as Athripsodes alerrimus is often associated with 
mud and sandy substrates, Limnephilus villalus with sandy or silty regions and Ceraclea 
nigronervosa and Athripsodes albifrons with stony substrata (Wallace et al., 2003) . 
Monolith C shows a similar zonation to Monolith A. The base of Monol ith C (Zone 1) 
suggests a similar environment to Monolith A, with taxa typical of fast flowing water; 
Hydropsyche conlubernalis, Hydropsyche pellucidula, Cheumatopsyche lepida, 
Glossosoma sp. Psychomyia pus ilia and Goera pilosa. An addition to the fauna is 
Rhyacophila dorsalis, a free-moving predatory species found in clean water usually on 
rock surfaces and restricted to fast flowing water - typically in current speeds of 80-90 cm 
S·l (Edington and Hildrew, 1995). Other taxa indicating a fast flowing environment are 
TinodeslLype sp. and Lascioeephala basalis. There is some evidence for slower flow-rates 
as indicated by the presence of Polycenlropus flavomaculatus, a species commonly found 
in slower flowing water or marginal areas of the lower reaches of a river system, and 
considered more tolerant of higher temperatures and lower oxygen levels than other 
Polycentropodidae, such as Plectrocnemia conspersa (Edington and Hildrew, 1995). 
Limited numbers of F. Limnephilidae are present here indicating some slower flowing 
marginal environments such as Limnephilus lunatus (Urbanic et al. , 2005). Halesus 
radia/us and Chaetopteryx villosa both of the sub family Limnephilinae are commonly 
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found in streams and rivers on stony substrates and Limnephilus jusicornis which prefers 
sandy substrate (Wallace et al. , 2003). Glyphotaelius pellueidus is uniquely found in this 
Monolith and is associated with fallen leaves in slow flowing or still water (Wallace et al., 
2003). Athripsodes albifrons, A. cinereus and Ceraclea nigronervosa are all flowing water 
dwellers on stony or sandy substrata. The presence of the Hydroptilid, Ichthytriehia sp. 
indicates running water where it occurs on stones and submerged tree roots (Bennike and 
Wiberg-Larsen, 2002). 8erea pullala (Figure 7.6) was also found in this monolith and is 
associated with dense vegetation in flowing marshes, springs and at the edges of streams 
(Edington and Hildrew, 1995). 
Above the gravel horizon in Monolith C (Zone 2) there is a greater abundance of the taxa 
associated with slower flow velocities. The Polycentropodidae (Cyrnus jlavidus, 
Holocenlropus dubius and Holocentropus picicornis) are present but no Hydropsychidae, 
Rhyacophilidae or Lepidostomatidae were recorded. Slow flow velocity indicators include; 
Agrypnia pagetana and Phryganea bipunctata both of which are associated with marginal 
vegetation as they construct cases from hollow stalks or from leaf fragments (Hickin, 1967; 
Greenwood et al., 2006). However, these are not found in great abundance. Small numbers 
of Brachyeenlrus subnubilis were recorded which may have been washed in from a faster 
flowing section of the channel or reworked from older sediments. The majority of taxa 
ITom the Family Limnephilidae are found above the gravel horizon (Zone 2). The diverse 
range of Limnephilidae in Zone 2 is also similar to Monolith A including L. jlavicornis, L. 
decipiens, L. rhombicuslmarmoratus, L. lunatusl incisus and particularly the unidentified 
Limnephilus sp. vitlatus type. The Family Leptoceridae is represented by Athripsodes 
aterrimus and Triaenodes hie%r, which both prefer very low flow velocities (Wallace et 
ai., 2003) . 
Monolith D has similar fauna to both Monoliths A and C and is dominated by Hydrop5yche 
contubernalis and Brachycentrus subnubilis in the lower half. There is no clear distinction 
in upper and lower regions, although a sharp reduction in abundance of fauna at 60-50cm 
suggests a flow 'event' of some kind. This monolith has also been divided into Zones 1 and 
2 at this point. Zone I also contains Cyrnus Irimaculalus which appears to prefer cobbles 
in flowing, but relatively undisturbed, shallow water (5-1 Ocm) (Urbanic et ai., 2005). The 
region between levels 70-60 cm and 60-50 cm contains a mixture of fauna with some of 
slow and some of fast flow velocity preferences. Here there are Limnephilidae, 
Polycentropodidae, Hydropsychidae, Leptoceridae and Brachycentridae. There is a 
member of the F. Drusinae, possibly Ecc!isopleryx sp., an inhabitant of large streams and 
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fivers with stony substratum, at 50-60cm and Oecelis lacuslris, indicating slow flow 
velocities and a muddy or sandy substrate with tree roots (Wallace et aI., 2003). This is 
also the region within the profile which contains abundant gastropod and bivalve fragments 
which have probably been reworked. This may suggest that these levels within the 
monolith have been reworked. 
Monolith E is also dominated by Brachycentrus subnubilis and Hydropsyche contubernalis 
but this domination continues throughout the profile almost to the top indicating a fast 
flowing environment for most of the profile (Zone I). Other indicators of fast flow 
velocities such as Cheumalopsyche lepida, Athripsodes albifrons, Psychomyia pusilla and 
Goera pilosa are also present. The very low numbers of the Limnephilidae and 
Polycentropodidae with no Phryganeidae, suggest an absence of low flow velocity 
environments here. Many of the frontoclypeal fragments in thi s monolith show signs of 
abrasion, possibly indicating a higher velocity environment or transport. 
7.7 Contemporary fauna 
A list of taxa for the River Trent catchment has been compiled from local records collected 
by G. Fretwell and C. Hobday, Environment Agency (Table 7.8). This represents a record 
of Trichoptera larvae that can be found in the catchment today. The taxa highlighted 
within Table 7.8 represent those found in the Aston upon Trent palaeochannel (Monoliths 
A, C, 0 and E). 
At least one Tinodes or Lype species is also found but cannot be identified beyond this 
level. 39 taxa were found in the palaeochannel out of a possible 94 listed for the catchment, 
(41.5%), and 15 out of 18 families were represented (83.4%). In addition to the above list, 
5 taxa found within the palaeochannel section at Aston on Trent are no longer recorded in 
the present day River Trent catchment: 
• Glossosoma boltoni; 
• Glossosoma sp. (other than G. boltoni); 
• Holocentropus dubius; 
• Cheumatopsyche lepida and 
• Grammotaulius cl nigropunclalus. 
These may represent taxa unrecorded during the survey but Cheumalopsyche lepida has 
been confirmed as absent from the contemporary River Trent catchment (Wall ace, 1991). 
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Table 7.8 Modern species list for the River Trent catchment 
RHYACOPHILIDAE ECNOMIDAE LEPIOOSTOMATlOAE L. flavicOTllis Alhripsodes bi/inea/us 
Rltyaeoplti/a dorsalis Ecnomus lenellus e ruflaecia irrorala L. /usicorllis A'''ripsodes cillerells 
Rhyaeophi/a nlunda POLYCENTROPOOIOAE Lasioeepha/a basalis L. lunatus Cerac/ea albimaculatG 
Rhyacophila ob/iterata Cymus flavidus Lepitlostoma IJirtllnJ L. marmoratus Ceraclea annulicornis 
GLOSSOSOMATIOAE Cyrlllls Irimaculallls L1MNEPHILIOAE L. po/itlls Cerac/ea dissimilis 
Agapetus sp. I/%celllroplls picicOTII;.5 Apatania muliebris L. rllOlIlbicus Cerac/ea nigronervosa 
HYOROPTlLIOAE Pleclrocnemia conspersa Drusus annulalUs L. stigma Ceraclea senilis 
Agray/ea mu/tipllnctata PolycefltroplIs flavomacu/aills Eecllisopteryx gllltalata L. viltatus Mystacides Gzurea 
Agraylea sexmaculata Polycentropus in'ora/us AI/oganlus auricol/is GOERIOAE Myslacides /ongicornis 
Oxythira sp. Polycentropus kingi; Ha/esus sp. Goera pi/osa Mystacides nigra 
Itltytrieltia sp. HYOROPSYCHlOA E Hydatophylax inundates Silo nigricornis Adieella reducla 
PHILOPOTAMIDAE Dip/eelronema Jela MeJamophyJax mucoreus Silo pallipes Triaellodes bie% r 
Philopotamus man/anus Hydropsyelte al/gllstip.,,,,is Micropterna lateralis BERAEIDAE Oecetis /aclIstris 
Wormaldia sp. Hyt/ropsyelle eOl/tllbemalis Micropterna sequax Berea maurus 
PSYCHOMYIDAE Hydropsyche instabi/is Potamophy/ax cingulalus Berea pllllata 
t ype phaeopa Hydropsyelle pellueidllla Potamophylax latipennis Beraeodes minutus 
t ype redueta Hydropsyehe si/tali Potamophylax rolundipennis SERICOSTOMA TIDAE 
Mela/ypeJragilis PRRYGANEIOAE Slenophy/ax permislus Sericostoma persona/um 
PsycllOmyia p"sillll Agrypnia pagetOlIO ellaetopteryx villosa OOONTOCERIDAE 
Tinodes assimilis Agrypnia varia Anabolia lIervosa Odontocerum albicorne 
rinodes mach/ani Pllrygol/ea bipul/elata G/ypllOtaelius pellucidus MOLANNIDAE 
Tinodes pal/idulus Phryganea grandis Linlnephilus affinis Mo/alllla anguslata 
rinodes rostoeki BRACHYCENTRIOAE L. auricula LEPTOCERIDAE 
Tinodes unicolor Brachycentrlls subllllbilis L. decipiells At/tripsodes albiJrol/s 
Tinodes waeneri L. e.xtricatus Alhripsodes aterrimus 94 species 
Table 7.9 Trichoptera taxa from the AOT palaeochannel with LIFE groups 
Family Taxon 
Rhyacophilidae 
Glossosomatidae 
Psychomyiidae 
Polycentropodidae 
Hydropsychidae 
Phryganeidae 
Brachycentridae 
Lepidostomatidae 
Limnephilidae 
Goeridae 
Beraeidae 
Sericostomatidae 
Molannidae 
Lepidostomatidae 
Hydropti/idae 
Rhyacophila dorsalis (Curtis 1834) 
G/ossosoma boltoni Curtis 1834 
G/ossosoma sp. Curtis 1834 
Psychomyia pusil/a (F ., 1781) 
TinodesILype sp.Leach 1815, McLachlan, 1878 
Cyrnus fJavidus McLachlan, 1864 
Cyrnus trimacu/atus (Curtis, 1834) 
Cyrnus sp. Stephens 1836 
Holocentropus dubius (Rambur, 1842) 
Holocentropus picicornis (Stephens 1836) 
Polycentropus fJavomacu/atus (Pictet, 1834) 
Cheumatopsyche lepida (Pictet, 1834) 
Hydropsyche contubernalis McLachlan, 1865 
Hydropsyche pel/ucidu/a (Curtis, 1834) 
Hydropsyche sp. (Pictet, 1834) 
Agrypnia pagetana Curtis 1835 
Phryganea bipunctata Retzius, 1783 
PhryganealAgrypnia sp. L. 1758, Curtis, 1835 
Trichostegia minor r(Curtis, 1834) 
Brachycentrus subnubilis Curtis 1834 
Lasiocephala basalis (Kolenati , 1848) 
Lepidostoma hirtum (F., 1775) 
Drusinae Stephens 1837 
Halesus digitatus (Schrank" 1781) 
Halesus radialus (Curtis, 1834) 
Halesus sp. Stephens, 1836 
Chaetopteryx villosa (F. , 1798) 
Anabolia nervosa (Curtis, 1834) 
Glyphotaelius pellucidus (Retzius, 1783) 
Grammotaulius cf. nigropunctatus (Retzius, 1783) 
Grammotaulius sp. Kolenati, 1848 
Limnephilus decipiens (Kolenati , 1848) 
L. fiavicornis (F., 1787) 
L fusicornis (Ram bur, 1842) 
L. cf. lunatusJineisus Curtis, 1834 
L. rhombicuslmarmoratus (L. , 1758), Curtis 1834 
L stigma Curtis, 1834 
Limnephilid C 
Limnephilus vittatus type (F ., 1798) 
Limnephilidae indet Leach , 1815 
Goera pilosa (F., 1775) 
Berea ef pullata (Curtis, 1834) 
Sericostoma personatum (Spence, 1826) 
Mo/anna angustala Curtis, 1834 
Alhripsodes albifrons (L., 1758) 
Alhripsodes alerrimus (Stephens, 1836) 
Alhripsodes einereus (Curtis, 1834) 
Athripsodes sp. Billberg , 1820 
Ceraclea cf nigronervosa (Retzius, 1783) 
Triaenodes bieolor (Curtis, 1834) 
Oecetis lacustris (Pictet, 1834) 
Ithylrichia sp. Eaton, 1873 
LlFEGroup 
11 
11 
11 
11 
IV 
IV 
IV 
V 
V 
11 
11 
11 
11 
11 
V 
IV 
IV 
VI 
11 
11 
IV 
IV 
V 
V 
IV 
V 
11 
IV 
IVN 
V 
IV 
V 
IV 
I 
III 
11 
IV 
11 
IV 
11 
IV 
IV 
IV 
IV 
11 
198 
7.8 Summary 
This chapter has presented the results of the analysis of Trichoptera from the Aston on 
Trent palaeochannel. Spatial variation between individual monoliths of the palaeochannel 
section and tbe temporal variation within each section, in terms of the faunal abundance, 
diversity of taxa and LIFE scores for each level have been discussed. DCA analysis has 
demonstrated an environmental gradient within the data. Finally, the modern di stTibution of 
fauna in the River Trent catchment has been compared with the recorded palaeochanne\ 
fauna. 
Key points: 
• All four monoliths display an abrupt change of Trichoptera fauna with time, from a 
fast flowing adapted assemblage at the base, to one preferring slowly flowing or 
still water environments higher in the sequence. 
• This change is reflected within the Trichoptera palaeoLIFE scores across the 
channel. 
• DCA analysis of the Trichoptera fauna for the palaeocbannel as a whole di splays a 
strong environmental gradient. This gradient is closely correlated with the 
palaeoLIFE score and inversely correlated to orgaruc carbon content and is 
therefore interpreted as representing fl ow velocity. 
• Comparison with the modem Trichoptera fauna for the Trent catchment shows that 
83% of the families and 42% of the taxa from the modern Trent are represented in 
the palaeochannel sediments. 
The next chapter will consider the results of the Chironomid analysis. 
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8 Chironomidae 
8.1 Introduction 
There have been few palaeoecological studies of the Farnj ly Chi ronomidae in fluvial 
environments and none that compare this Family with the two other prevalent aquatic 
orders, Trichoptera and Coleoptera. The Chironomidae are the most abundant insect group 
in all types of fresh water and are well preserved in fluvial sediments, responding to a wide 
variety of environmental variables (Wiederholm, 1983). This ubiquitous and abundant 
distribution, together with specificity for a variety of ecological requirements such as flow 
velocity, provides a different perspective on the temporal and spatial ecological variation in 
the palaeochannel section and offers a valuable new area of research that is only now being 
investigated in this setting (Ruiz et ai., 2006). Chironomids are sensitive indicators of 
environmental change because of their rapid generation time and adult mobili ty, but record 
local changes, as the larvae develop in situ (Brooks et ai. , 2007). Early indications from the 
work of Gandoui n (2005) indicate the potential of t1Lis insect group as a va luab le 
palaeoecological tool in the fluvial environment, as it has been in the lacustrine setting, 
leading to insights into the hydrological development of river basi ns. It is hypothesed that 
the Chironomidae will show temporal and spatial variability, which may be related to flow 
velocity as demonstrated by their flow preferences recorded in current literature. The aims 
of this chapter are to; 
• Examine the spatial and temporal variability of the chironomid taxa wi thin the 
palaeochannel section; and 
• Establish the presence or absence of an environmental flow veloci ty signa l in the 
resulting data. 
The subfossil Chironomidae fauna from each of the four monoliths (A, C, D and E) at 
Aston on Trent is considered separately and the evidence for any faunal zonation outlined. 
The ecological interpretation for each monolith is then discussed for the palaeochannel as a 
whole, using information derived from sources such as Wiederholm (I983) and Oliver and 
Roussel (1983). All taxa were identified to species level where possible, otherwise to 
Genus or type. According to the convention of Brooks et ai. , 2007, the suffix sp. or spp. has 
been omitted from the lists of taxa. The taxonomy is based on Brooks et al. , (2007). A full 
list of the taxa found in the palaeocbannel is given in Table 8.8 at the end of the chapter. 
Overall the Chironomidae were more abundant in the Aston on Trent palaeochannel 
sediments as subfossils than either the Coleoptera or Trichoptera. In most levels there were 
greater than 100 head capsules per-sample present, some levels had in excess of 250 and 
picking was terminated at this point, having ensured that the sample was representative 
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by collecting all the head capsules visible in each compete field of view. This abundance 
necess itated the use of a sub-sampling technique in order to mount and identify a 
representative taxonomic sample ITom each monoliths leve l. A minimum number of 50 
head capsules was mounted and identified where suffi cient numbers were available and 
100 mounted for most levels. Although a mixture of third and final instars are represented 
in the palaeochannel sediments, each head capsule was taken to indicate the presence of 
one, individual, chironomid larva (Ruiz et aI. , 2006), as with the Trichoptera frontoclypeal 
apotome. As a result of this process the results here are expressed as percentages of the 
total mounted and identified, not as the tOlal numbers present in the sample. The level of 
preservation was excellent in many samples, although in the upper levels, some head 
capsules were notably full of silt, which in a few cases obscured parts necessary for 
identification. 
8.2 Palaeochaflflel results 
A total of 52 taxa (species or Genera) were identified ITom the four monoliths, consisting 
of five subfamilies; Chironominae, Orthocladinae, Tanypodinae, Prodiamesinae and 
Diamesinae. The results have been divided further to give total s for the tribes Chironomini 
and Tanytarsini (Chironominae) separately to enable further ecological distinction. 
Microlendipes was the most abundant taxon found (34%) with Paratendipes (1 3%), 
Chironomus (anthracinus) type (11 %), Polypedilum nubeculosum (7%), Glyplotendipes 
(6), Chironomus spp. (5%) and Chironomus plumosus type (3%). Overall , the fauna is 
dominated by members from the tribe Chironomini (80.8% to 88.7%) with much smaller 
percentages from the tribe Tanytarsini (4.7% to 8.4%), subfamily Tanypodinae (2.3% to 
3.5%) and subfamily Orthocladinae (1.3% to 4.6%, Table 8.1). Monolith C has the greatest 
taxonomic diversity (44), with Monolith E the least (30) number of taxa. 
Sub family Tribe A C D E 
Cbironominae Chironomini 80.8 83.0 88.7 84.0 
Tanytarsini 4.7 8.4 5.7 7.7 
Tanypodinae 2.3 3.5 3.4 3.3 
Orthocladinae 2.4 4.3 I.J 4.6 
Others 0.3 0.9 1.3 0.5 
Total taxa 31 44 34 30 
Table 8.1 Percentages of subfamilies or tribes per monolith and total taxa (AOT palaeochannel). 
(Others = Prodiamesinae, Diamesinae and unidentified) 
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8.3 Monolith results 
The Chironomid fauna from each monolith will be described as a unit, with a table of taxa 
present for each level, including abundance and diversity data. A depth diagram is included 
so that faunal variation can be observed more easily and any appropriate division into 
faunal zones outlined. Any temporal changes in the community structure are observed by 
means ofa comparison of the ablmdance of subfamilies and tribes, with depth. 
8.3.1 Monolith A 
The fauna found in Monolith A are shown in Table 8.2. Chironomini are well represented 
throughout the monolith, with most levels containing between 90 and 100 percent (Figure 
8.1). 
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Figure 8.1 . Comparison of relative abundance of subfamilies and tribes of Chironomidae for 
Monolith A (AOT palaeochannel). 
MicrOlendipes was the most abundant taxon (34%), followed by: Chironomus spp. (l0%), 
Glyplolendipes (10%), Paralendipes albimanus (8%), Polypedilum nubeculosum (8%), 
Chironomus anthracinus type (7%), Chironomus sp. A (5%), and Chironomus plumosus 
type, (5%). Figures 8.2 and 8.3 give the percentage variation in each taxon with depth. At 
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the base of the monolith (1I0-90cm), Zone 1, there is a faunal assemblage dominated by 
Chironomus anthracinus type (24%), the orthoclad EukiefJerielia and the Tanypod 
Theinemannimyia group are uniquely found at this level (Figures 8.2, 8.3). 
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Monolith A depth in cm ~ 0 .; .; 0 0 
* 
.; .; .; 
m = ~ w ~ M 
'" Chironomini 
Cllironomus anthracinus type. Meigen 24 30 2 10 3 1 1 2 2 
Chironomus plumosus type. Meigen 3 5 2 1 4 5 3 4 15 4 
Chironomus sp. A Meigen 12 22 13 
Chironomlls spp. MeiQen 4 2 2 5 1 9 7 4 8 50 11 
Cryptochironomus. Keiffer 1 1 1 1 
Oicrotendipes. Keiffer 2 1 1 2 2 3 
Endochironomus. Keiffer 2 2 4 
Glyptotendipes. Keiffer 5 25 13 18 29 2 3 4 
Microtendipes. Keiffer 34 36 22 31 39 58 46 54 8 8 1 
Nilothauma. Keiffer 1 
Parae/adopelma. Harnisch 2 
Paratendipes. Keiffer 19 10 6 14 14 4 5 10 
Phaenopsectra fJavipes. Keiffer 1 3 2 1 1 1 2 1 1 1 
Polypedilum nubeculosum. Keiffer 5 19 8 24 7 3 10 2 1 
Polypedilum 11. Keiffer 1 1 
Chironomini indet. 1 2 1 2 
Tanypodinae 
Pentaneurini indet 2 
Procladius. Skuse 2 1 4 3 3 
Theinnemannymia type. Fittkau 2 1 2 1 
Tanypodinae indet. 1 1 
Tanytarsini 
Cladotanytarsus. Keiffer 2 1 2 2 1 
MicrOJ)Sectra insiqflilobus. Keiffer 1 1 1 
Paratanytarsus. Theinemann & Bause 1 3 
Rheotanytarsus. Theinemann & Bause 1 3 
Tanytarsus mendax type. van der Wulp 1 1 5 1 1 
Tanytarsus chinyensis type. van der Wulp 1 1 
Tanytarsus 'pallidicornis' tvpe. van der Wulp 2 6 1 1 1 1 
Tanytarsini indet. 1 2 1 2 
Orthocladinae 
Brillia modesta. Keiffer 1 
Corynoneura. Winnertz 1 
Cricotopus cylindraceus type. van der Wulp 1 10 1 
C. (fsocladius) intersectus type. van der Wu~ 2 2 
C. (fsocladius) trirasciatus type. van der Wulp 1 
Eukiefferiella fittkaui type. Theinemann & Bause 2 1 
Pseudosmittia. GoetQhebuer 1 1 
Diamesinae 
Potthastia qaedii. (MeiQen) 2 1 
Total Chironomidae 100 121 93 97 99 100 100 120 44 101 39 
Total taxa 15 17 24 12 13 11 10 17 10 6 7 
Table 8.2. Chironomidae abundance and diversity in Monolith A; with depth (AOT palaeochanneJ). 
Taxonomy follows Brooks et al., 2007. 
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At 90-80cm, the level of the gravel horizon, a large increase in the number of taxa occurs 
(Table 8.2). The overall balance of the subfami lies and tribes changes in thi s horizon 
(Figure 8. 1): there is an increase in the num ber of Tanytarsini taxa to 22.6%; Orthocladinae 
to 17.2%, Tanypodinae to 7.5% and a decrease in the percentage of Chironomini to 50.5% 
(Figure 8. 1). This horizon seems to form a separate zone to those above and below 
(labelled GRA VEL on Figure 8.2). Above the gravel horizon (90-80cm) Zone 2, there is an 
overall reduction in the number of taxa. Several other taxa only appear within the gravel 
horizon or above it, these include; Proc/adius, Glyplolendipes, C/adolanylarsus and 
Endochironomus (Table 8.2) 
Mentum without 
reduced size 
lateral teeth as in 
(C. al7lhracinus) 
Plate 8.1 Chironomus sp. A Magnification approx. X 400 AOT. 
Two inner 
teeth on 
mandible 
At the top of the sequence there is a change from a dominance of Microlendipes to 
Chironomus in the fauna (30-0cm) (Figure 8.2). Particularly noticeable is the appearance of 
Chironomus species A, as yet unidentified, which appears similar to the plumosus type but 
with only two teeth on the mandible (Brooks pers. comm.), see Plate 8.1 . 
8.3.2 Monolith C 
The most abundant taxa in Monolith C were Microlendipes (3 1 %), Glyplolendipes (12%) , 
Paralendipes albimanus (10%), Polypedilum nubeculosum (9%), Chironomus anlhracinus 
type (5%), Chironomus spp. indet (4%) and Tanylarsini 'pal/idicornis ' type (3%). There 
are two di stinct zones identifiable within the monolith, 180-100cm (Zone 1) and 90-0cm 
(Zone 2) (Table 8.3). In Zone 1, the percentages of Chironomini vary between 65 and 85%. 
The percentages of the Tanypodinae, Tanytarsini and Orthocladinae recorded here are 
higher than in Zone 2. These are typified by taxa such as EukiejJerie//a, PolhaSlia gaedii 
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and Cricotopus. Just below the gravel horizon (1IO-IOOcm) there is a drop in the 
percentage of Chironomini to 43%, similar to that seen in Monolith A at the gravel horizon 
(Figures 8.2, 8.5). At thi s point (110-1 OOcm) the percentage of Tanytarsini increases from 
15 to 33%, Tanypodinae to 11 % and Orthocladinae to 10% (Figure 8.3). 
There is an overall decrease in the number of taxa at the gravel horizon (100-90 cm), 
(Table 8.3). In Zone 2, above the gravel horizon, the Chironomini are dominant, at over 
90% of the total, with Tanytarsin i less than 5%. Microtendipes, Paratendipes and 
Polypedilum nubeculosum are the most abundant taxa but significant numbers of 
Theinemannimyia group and Tanytarsus 'pallidicornis ' type are also present. This change 
in faunal composition can be clearly seen in the depth diagrams at 100cm (Figure 8.4). 
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Figure 8.3 Relative abundance of subfamilies and tribes for Monolith C; with depth 
(AOT palaeochannel). 
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Chironomini 
Chironomus anthracinus type. Meigen 1 1 3 4 1 
Chironomus plumosus type. Meigen 1 1 1 1 1 
Chironomus sp A. Meigen 
Chironomus spp. Meigen 2 2 1 1 
Cryptochironomus. Keiffer 1 1 
Cryptotendipes. Lenz 1 1 
Dicrotendipes. Keiffer 1 3 1 
Endochironomus. Keiffer 1 
Glyptotendipes. Keiffer 1 1 
Microtendiees Keiffer 37 51 80 33 26 50 27 
Parachironomus. Lenz 
Paratendipes albimanus. Keiffer 7 7 19 6 23 22 19 
Phaenopsectra fTavipes. Keiffer 1 1 4 4 3 4 5 
Polypedilum nubeculosum. Keiffer 14 9 36 19 14 25 17 
Polypedilum " . Keiffer 2 1 1 2 1 
Stenochironomus. Keiffer 1 
Stictochironomus. Keiffer 1 
Chironomini indet. 5 1 
Tanypodinae 
Ablabesmyia longistyla. Johannsen 1 1 3 
Macrope/opia. Theinemann 1 
Pentaneurini indet. 1 
Procladius. Skuse 1 1 2 
Theinemannimyia type. Fittkau 7 3 6 6 3 7 1 
Tanypodinae indet. 1 
Table 8.3 Chironomidae from Monolith C; with depth (AOT palaeochannel). 
Taxonomy follows Brooks et al., 2007 . 
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C/adolanytarsus. Keiffef 2 1 
Micropsectra. Keiffer 1 2 1 1 1 1 3 1 
Par8tanyt8rsus BustriactJs type. Theinemann & Bause 1 3 3 2 
PBralanytarsus pencil/alus type. Theinema nn & 8ause 1 
RheotanytarstJs 2 5 3 2 1 3 4 2 
Stempellina 1 3 1 4 
Tanylarsini mendax type. van der Wulp 2 1 3 4 3 6 1 5 1 2 
Tanytarsus chinyensis type. van der Wulp 1 9 1 2 
Tanytarsus nemorosus. van der Wulp 1 
Tanytarsus 'pallidicomis' type. van der Wulp 2 4 4 5 5 11 6 14 2 2 1 
Tanytarsini indet 1 3 1 3 1 1 2 
Orthocladinae 
Brillia modesta. Keiffer 2 1 1 1 1 
Chaetae/ad/us. Keiffer 1 
Cricotopus cyJindraceus type. van der Wulp 6 4 3 3 3 5 1 6 1 1 
Cricotopus trifascia type. van der Wulp 1 1 1 
C.(lsocladius) inters8ctus type. van der WUlp 1 2 2 
Eukiefferiella fittkau; type. Theinemann 8 2 2 1 2 4 1 
Eukiefferiella devonica type. Theinemann 1 1 
Psectrocladius. Keiffer 1 
PseudosmiWa. Goetghebuer 1 1 1 
Rheocricotopus chalybeatus type. Theinemann & Harnisch 1 
Symposiocladius. Cranston 1 1 
Synortl1ocladius. Theinemann 1 
Orthoc!adinae 1 1 
Olamesinae and 
Prodiamesinae 
Potthastia gaedi/". Meigen 2 2 1 3 
ProdiameSB. Keiffer 1 
Total Chlronomldae 98 96 178 97 101 160 94 110 77 98 112 100 97 105 44 101 99 100 
Total taxa 18 17 19 20 20 22 17 23 15 14 9 10 10 12 12 14 10 15 
I" Table 8.3 cont. Chlronomldae from Monolith C, wIth depth (AOT palaeochannel). Taxonomy follows Brooks et al., 2007 . 
~ 
IV 
"" 
'" Cl. a> 
.;,;. Cl. 
'" 
.;,;. 
::> 
'" co 
·u ::> 
'" ~ 0 
'" £ E « ""- ::> '" co 2 Cl. Cl. E 
'" 
::> 
'" 
'" 
0-
'" '" 
0 a> 
'" 
E a> 
'" '" '" '" 
co 0- a> 0 Cl. 
::> ::> ::> ::> e "C Cl. co "C 
E E E E .r: co "C e co 
0 0 0 0 <.> $ co .r: $ 
co c c c B B $ <.> B e ,g e e Cl. 0- e 0 Cl. 
c=- c=- . ~ "C ~ .r: .r: .r: .r: c 
0 0 0 0 0 0 0 w c.!) 
w.J 
1O~ 
20·10 
30·20 
40-30 
5O~O 
60-50 
70.aO 
E 80-70 
0 
.s 90-80 
~ 100.90 1i 
" 0 110·\00 
120-110 
130-120 
140-130 
150·'40 
160·150 
170·160 
180-170 
I I 
2030400 
Percentage of total 
Figure 8.4 Part 1. Chironomini in Monolith C; with depth (AOT palaeochannel). 
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Above thi s level , in Zone 2, Glyp/o/endipes appears and is abundant with Chironomus spp. 
and the Tanypodinae, Tanytarsini and Orthocladinae almost di sappear but then reappear at 
40-30cm when a few Micropsec/ra and Procladills return. There is another apparent faunal 
change at 60-50cro but thi s is in the relative abundance of taxa, no t a change in overall 
composition. Here, there is a sharp reduction in the proportion of Micro/endipes and 
Glyp/o/endipes present with a ri se in Chironomlls taxa (Figure 8.4). This change is not 
marked in the Tanypodinae and Tanytarsini , as very few are present, but is characterised by 
the appearance of Cric% pus cylindracells type (Figure 8.4). At the top of the monolith 
( IO-Ocm) there is a small increase in the numbers of Tanypodinae and Tanytarsini present 
represented by taxa such as Theinemannimyia group, Rheo/any/arsus and Tany/arsus 
chinyensis type (Figure 8.4). 
83.3 MOl/olith D 
This monolith is consistent with A, C and E in that Micro/endipes is the most abundant 
taxo n (37%) with Paratendipes albimanus (19%), Chironomlls anthracinus type ( 10%), 
Glyp/o/endipes (7%), Polypedilum nubeculosum (5%) and Tanytarsini 'pallidicornis ' type 
(3%). 
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Figure 8.5 Relative abundance percentage of subfamilies and tribes in Monolith 0 ; with depth 
(AOT palaeochannel). 
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"i M N ~ 
Monolith 0 Depth in cm ~ 0 2> 2> 2> 2> 0 2> 2> 2> ~ ~ 
'" 
co r- <0 <0 ... 
'" 
N 
Chironomini 
Chironomus anthracinus type. Meigen 16 38 22 13 4 3 4 1 
Chironomus plumosus type. Meigen 4 5 5 4 1 2 4 
Chironomus spp. Meigen 4 6 4 3 1 1 1 3 
Cryptochirol1Omus. Keilfer 1 2 1 2 2 
Cryptotendipes. Lenz 1 1 
Dicrotendipes. Keiffer 1 2 1 
Einfeldia dissidens. Keiffer 1 
Endochironomus. Keiffer 2 1 1 1 
Glyptotendipes. Keilfer 2 11 9 31 6 5 2 
Microtendipes. Keiffer 41 25 34 38 59 57 34 34 29 10 
Paracladopelma. Harnisch 1 
Paratendipes albimanus. Keilfer 15 10 6 6 17 19 17 39 46 7 
Phaenopsectra flavipes. Keilfer 1 3 7 1 3 2 4 2 
Polypedilum nubeculosum. Keiffer 3 7 7 9 11 1 3 3 2 2 
Polypedilum 11. Keilfer 1 
Chironomini indel. 3 1 1 1 1 
Tanypodinae 
Procladius. Skuse 1 1 1 3 3 1 1 
Theinemannimyia type. Fittkau 4 2 2 7 3 1 1 
T anypodinae indel. 1 1 
Tanytarsini 
Cladotanytarsus. Keilfer 1 
Micropsectra bidentata. Keilfer 1 
Micropsectra insignilobis. Keiffer 1 1 
Paratanylarsus austriacus type. Bause 1 1 
Rheolanytarsus. Theinemann & Bause 1 1 1 1 
Tanytarsus chinyensis type. van der Wu1r> 1 
Tanytarsus mendax type. van der Wulp 2 3 2 1 3 
Tanytarsus 'p"lIidicamis'_lJ1>e. van der Wulp 2 3 5 10 1 2 2 1 
T an)llarsini indet. 3 1 3 
Orthocladinae 
Brillia modesta. Keilfer 1 1 
Cricatopus cylindraceus type. van der Wulp 1 1 1 1 
C(lsocladius) intersectus type. van der Wulp 1 1 
Eukiefferiella fittkaui type. Theinemann 1 1 
Eukiefferiella devoniea type. Theinemann 1 
Paraphaenocladius. Theinemann 1 
Synorlhocfadius. Theinemann 1 
Oiamesinae/Prodiamesinae 
Potthastia gaedii. Meigen 1 1 1 1 
Prodiamesa. Keilfer 1 1 
Total Chironomidae 94 102 102 98 129 100 106 100 100 34 
Total taxa 12 13 14 12 18 11 14 16 14 10 
Table 8.4 Chironomid abundance and divers ity in Monolith 0 ; with depth (AOT palaeochannel) . 
Taxonomy follows Brooks et al., 2007. 
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Chironomini are also dominant, forming between 78% and 95% of the totals for the 
mono li th. There is no clear division into an upper and lower zone and the total number of 
taxa per-level does not change significantly throughout the monolith. There is a peak of 18 
taxa at a depth of 70-60cm, (Table 8.4). Just below this level, from 90 to 70cm, there is an 
increase in the percentage of Tanytarsini from 3 to 15%, (F igure 8.5). A small increase in 
the Tanypodinae is also seen fTom 2 to 7% at 80-70cm. (Figure 8.5). There is a 
corresponding reduction in the total Chironomini at thi s point. 
The pattern of abundance for Microlendipes with depth (Figure 8.9) is comparable with 
that for Monoliths A (Figure 8.2) and E (Figure 8.8), di splaying the same initial decrease, 
an increase, followed by a sudden decrease. The peak for all three graphs is at a depth of 
60-50cm. Theinemannimyia group and Tanylarsus 'paUidicornis' type are both primarily 
recorded at the bottom of the monolith at 1I 0-60cm, (Figure 8.9) whereas Glyplolendipes 
and Endochironomus are recorded above 60cm depth (Figure 8.6). Other taxa such as 
T'anylarsus mendax type and Procladius occur throughout the monolith and thi s 
di stribution may be the result of reworking of sediment (Figure 8.6). 
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Figure 8.7 Relative abundance of subfamilies and tribes for Monolith E; with depth 
(AOT palaeochannel). 
2 16 
Monolith E shows a sirrli lar pattern of abundance of taxa to the other monoliths, dominated 
by the Chironomini; Microtendipes (34%), Chironomus anthracinus type (19%), 
Paratendipes albimanus (14%), Polypedilum nubeculosum (4%), Chironomus spp. (3%) 
and Chironomus p[umosus type (3%), Table 8.5. The percentage of Chironomini present is 
lower than for Mono li ths A, C and D and ranges between 67 and 94% (Figure 8.7). 
w 
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<C 
ro 
a a 0 0 
cc "-
'" '" 6 , 6 
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Monolith E depJh in cm 0 
'" 
co "- ID 
Chironomini 
Chironomus anthrac/flus type. Meigen 15 38 37 13 
Chironomus pfumosus type. Meigen 1 5 6 3 
Chironomus sp. A. Meigen 1 
Chironomus spp. Meigen 4 3 8 1 
Cryptochironomus. Keiffer 1 2 
Cryptolendipes. Lenz 1 
Dicrotendipes. Keiffer 1 
Einfeldia dissidens (>'Pe. Keiffer 1 
Glyptotendipes. Keiffer 1 
Microtendipes. Keiffer 37 15 30 47 
Paratendipes albimanus. Keiffer 17 18 6 6 
Phaenopsectra flavipes . Keiffer 4 1 
Pofypedilum nubeculosum. Keiffer 2 2 2 3 
Stenochironomus. Keiffer 1 
Chironomini indet 2 
T anypodinae 
Theinemannimyia type. Fittkau 2 1 5 
Procladius. Skuse 1 
Tanypodinae 
Tanytarsini 
Cfadotanytarsus. Keiffer 1 1 
Micropsectra bidentata. Keiffer 
Paratanytarsus austriacus type. Theinemann & Bause 1 
Rheotanytarsus. Theinemann & Bause 1 1 
Tanytarsus mendax type. van der Wulp 2 1 5 3 
Tanylarsus chinyensis type. van der Wulp 1 
Tanytarsus 'paflidicomis' type. van der W ulp 2 1 1 5 
Orthocladinae 
Briff/a modesta. Keiffer 1 
Corynoneura. Winnertz 1 
Cricotopus cylindraceus type. van der Wulp 1 
C. (fsocfadius) intersectus type. van der Wulp 1 
Eukiefferielfa devonica ( )pe. Theinemann 
Eukiefferielfa fittkaui type. Theinemann 1 1 3 
Synorlhocladius. Theinemann 1 
Orthocladinae 
Diamesinae 
Potlhastia gaedii. Meigen 1 
Total Chironomidae 95 88 99 99 
Total taxa 17 12 12 16 
Table 8.5 Abundance and diversity of Chironomidae in Monolith E, with depth 
(AOT palaeochannel). Taxonomy fo llows Brooks et al., 2007. 
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There is a notable lower abundance of Glyplolendipes and dominance amongst the 
Chironomus taxa of the anlhracinus type in Monolith E (Figure 8.8). The number of taxa is 
high both at the base (17) and towards the top of the monolith from 60-20cm (14-18), 
(Table 8.5). The abundance of Microlendipes displays a similar pattern to that found in 
Monoliths A and 0 (Figure 8.2, Figure 8.6). The Orthocladinae and Tanypodinae peak (9% 
and II % respectively) at 40-50cm and the Tanytarsini at 12% at 60-50cm (Figure 8.8). 
There is no clear division here into lower and upper zones, although changes in the overal l 
composition of the fauna can be seen to occur between 60 and 20cm (Figures 8.1 I, 8.12). 
There were insufficient numbers of F. Chironomidae in level 10-Ocm to enable analysis of 
thi s horizon. 
8.4 Indirect ordination analysis 
Detrended Correspondence Analysis was carried out within the program CANOCO 4.5 (ter 
Braak and Smilauer 2002) to examine the similarities and differences in the di stributions of 
the Chironomidae communities between the monoliths, between faunal zones above and 
below the gravel and in relation to the species, genera, subfamily or tribe. This was carried 
out in order to investigate any biotic and/or environmental gradients within the data. All 
faunal data (absolute abundances) were transformed (loglo + I) prior to analysis to reduce 
any clustering of abundant or common taxa at the centre of origin. The fo llowing diagrams 
(Figures 8.9, 8.10 and 8.11) show the results from the ordination analysis using the first 
two axes only, which account for 24.5% of the total ecological variation . 
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Figure 8.9 DCA analysis Axes 1 and 2; Chironomidae grouped by monolith (AOT). 
220 
Eigenvalues for thi s analysis are given in Table 8.6. The flfst four axes account for a total 
of 32.3% of the variation. Figure 8.9 indicates that Monoliths A and C have a wide scatter 
across both axes, indicating a temporal variation in ecological populations within the 
monoliths whereas Monoliths D and E are grouped in the centre, indicating similarity 
within and between these monoliths. 
Figure 8.10. DCA Axes 1 and 2; Chironomidae grouped by zone with Monolith E and gravel shown 
separately (AOT). 
Figure 8.10 shows the same data but grouped by re lative position in the monolith sequence 
(depth). This has been divided into two zones by using the faunal changes with depth . This 
result suggests the presence of a gradient between Zones I and 2 with the gravel horizons 
from Monol iths A and C both located within Zone I . 
DCA analysis grouped by subfamily or tribe for each taxon is demonstrated in Figure 8.1 1. 
The majority of the Chironomilli such as Glyptotendipes (labelled G on Figure 8.11) are 
found on the negative end of Axis 1, whilst the Orthocladinae, Tanytarsini , Tanypodinae, 
Prodiamesinae and Diamesinae are found on the positive end. Members of the Tanypodinae 
found on the negative end of Axis 1, such as Procladius (labelled P on Figure 8.1 I), have 
slow flow requirements, in contrast to most of the Tanypodinae. Members of the 
Orthocladinae such as Symposioc/adius (Sp on Figure 8.11) are associated with fast flow 
velocities and are found at the positive end of Axis 1. Some members of the Tanytarsini, 
such as Stempellina, also found on the positive end (labelled St on Figure 8.11) are 
eurytopic and hence found in a variety of flow environments from streams to lakes. 
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Figure 8.11 DCA axis 1 and 2; Chironominae grouped by subfamily and tribe (AOT). 
(G = Glyptotendipes, P= Proc/adius, SI= Stempe/lina and Sp= Symposiocladius /ignicola) 
Axes ] 2 3 4 Total 
inertia 
Eigenval ues 0.299 0.094 0.073 0.05 1 1.603 
Lengths of gradient 2.553 1.340 1.524 1.176 
Cumulati ve percentage variance of species 18.6 24.5 29.1 32.3 
data 
Sum of all eigenvalues 1.603 
Table 8.6 Summary of Eigenvalues for Chironomid DCA analys is (AOT). 
Overall analysis of the environmental and particularly flow requirements of these groups, 
suggests there is a gradient associated with flow velocity in the data, along the primary 
Axis, fro m slow (negative) to faster (positive) . This can be reinforced by comparison of the 
results with the organic carbon content (Figure 8. 12). Comparison of these val ues with the 
DCA Axis 1 values for the ChiroDomidae gives an inverse relationship ([ 2 = 0.411 , 
p<O.OO I ). This is higher than that for either the Coleoptera or Trichoptera and represents an 
indication of the association of Axis 1 with flow velocity. 
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Figure 8.12 Correlation of organic carbon (%LOI ) and DCA Axis 1 for Chironomidae (AOT). 
(A40-30 and A30-20 shown separately and not included in r" value, Y axis x 10-2) . 
P<0.001 , t=-5.478, DF=43. 
8.5 Ecological interpretation of the Chironomidae 
The Chironomid fauna represented within the palaeochannel sediments have a wide range 
of habitats, known from contemporary studies, ranging from fast flowing water (Pothastia 
gaedii) to terrestrial (Paraphaenocladius). A full list of Chironomid taxa fo und in the 
Aston on Trent palaeochannel is given in Table 8.8. 
In temperate regions, the Chironominae are known to make up about 55% of the total taxa 
found in lowland ri vers with 30% Orthocladiinae, whereas upland streams are typically 
dominated by Orthocladiinae (Armitage et aI. , 1995). In general the Orthocladiinae are 
adapted to cool, well oxygenated environments whereas the Chironorninae live in soft 
sediments and tolerate higher water temperatures and lower di ssolved oxygen levels 
(Arrnitage et aI. , 1995). The principle factors involved in their distribution are water 
temperature, current velocity and the nature of the substratum (Rossaro et al., 2006) . 
Heegaard et aI. , (2006) di scovered a major change in taxonomic composition of 
chironomid faunas related to the position of the treeline in the Swiss Alps, indicating both 
an al ti tudinaI and possibly temperature related di stribution. 
A number of taxa associated with flowing waters are present beneath the gravel horizon in 
Monoliths A and C and in Zone 1 of Monolith D. Rheotanytarsus is described as 
rheobionlic and has been reported from small rivers and streams, as well as large rivers 
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(Wiederholm, 1983). The larvae construct cases from woven silk and catch detritus from 
the flow. Rutherford, (1995) reports competition for space between Rheo/any/arsus and the 
caddisflies, F. Hydropsychidae and Hydrop/ila sp. during experimental colonisation studies 
in a Southern Ontario stream. In other artificial colonisation experiments, Rheo/any/arsus 
and Eukiejferiella were found to be indicators of sballow fast flowing riffles, whereas 
Micro/endipes and S/iclochironomlls indicated silted riffles (Harper and Ebrahimnezhad, 
1998). ElIkiejferiella is recorded primarily in flowing waters (Wiederholm, 1983), as is 
CricofopllS, although one representative, CricofopllS (Isoc/adius), is associated with still 
water (Oliver and Roussel, 1983). Cric%pus and Orthocladi inae sp. have been recorded in 
a broad range of flow velocities (0.1 -1.8 m S· I) in the Tongariro River, New Zealand 
(Collier, 1993). Eukiejferiella ilkleyensis and some Cric% pus species have been shown to 
feed on diatoms in early instars but transfer to a diet of Ranunculus calcareus leaves in the 
third and fo urth instars (pinder 1992). Symposioc/adius mines hardwood which is 
immersed in running water and Po/has/ia gaedii inhabits flowing water of all types 
(Wiederholm, 1983). Patterns of Chi ronomid species dominance have been shown to occur 
not only spatially (latitudinally and a!titudinally), but also seasonally within a single 
temperate location. Winter and earl y spring samples of Chironomidae in the Ohio River 
(USA) were dominated by the subfamily Orthocladiinae, such as Eukiejferie//a, whereas 
the summer fauna was dominated by Chironominae, such as Rheolanylarsus, 
S/enochironomus and Polypedilllm (Beckett, 1992). 
Monoliths A, D and E show a similar pattern of development from base to top which is 
particularly reflected in tbe similar patterns of abundance for Micro/endipes , the dominant 
taxon in all monoliths. Microlendipes is known from large bodies of still water and running 
water alike, being found in littoral and sublittoral sediments and submerged mosses 
(Wiederholm, 1983). Many references in the current literature refer to temperature 
requirements of the Chironomidae, which is a reflection of their use as indicators of 
palaeoC\imate. It is also thought to be an indicator of 'warm habitats' (Oliver and Roussel, 
1983). Other Genera mostly found in Zone 2 are associated with 'warm' water; 
Chironomus, Dicro/endipes, Ablabesmyia and Procladius (Brodersen and Pedersen, 2004). 
Temperatures would be similar to those found today. More specific calculations of 
temperature would require the use of transfer functions which is beyond the scope of this 
thesis. Chironomus is described as a detritus grazer or filter feeder, found in soft sediments 
of standing water or more rarely, rivers (Wiederholm, 1983). The Genus was found to be 
associated with deep water and low organic carbon values in Canadian lakes (Wilson and 
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Gajewski , 2004). It is often considered to be associated with, and adapted to, habitats poor 
in oxygen and hence eutrophication (Armitage e/ al., 1995; Marziali and Lencioni, 2006). 
Other abundant Chironomini, such as Paratendipes, are reported to occur in both standing 
and flowing water, once again in soft sediments and sandy substrates (Wiederholm, 1983). 
Paratendipes albimanus, a detritivore, has been shown to grow more rapidly in water 
where increased microbial action breaks down the particulate organic matter (Ward and 
Cummins, 1979). Other taxa found at Aston on Trent are associated with 'muddy' 
substrates, including Phaenopsectra, Cladopelma, Micropsectra, Chaetocladius, 
Procladius, Theinemannimyia group, Einfeldia and Macropelopia (Wiederholm, 1983). 
Cricolopus sylveslris has been shown to prefer sandy substrate to organic rich material 
(Chaloner and Wotton, 1996). Tn a study of Canadian lakes, modem chironomid taxa such 
as Tanytarsus paliidicornis, Polypedilum and Procladius have been associated with high 
organic carbon values and shallow water depths, whilst Paralanytarsus and Corynocera 
olivieri type were more prevalent in deeper water with minerogenic sediments (Wilson and 
Gajewski, 2004). Einfeldia dissidens and Tanytarsus sp. prefer shallow water with organic 
rich sediments, whereas Chironomus plumosus is ubiquitous in Lake Mikri in Greece 
(PetTidis and Sinis 1995). Some taxa found within the monoliths are semi-miners of 
submerged plants or branches such as Glyp/o/endipes and S/enochironomus (Wiederholm, 
1983). Others are typically associated with still water including Dicro/endipes, 
Endochironornus, Psectrocladius and Procladius (Wiederholm, 1983; Oliver and Roussel, 
1983). 
Taxa associated with aquatic macrophytes include Phaenopsectra, Glyptotendipes, 
Endochironornus, Parachironornus, Stenochironomus, Symposiocladius, Chaetocladius, 
Cricotopus and Brillia (Wiederholm, 1983). Some of these taxa (Cricotopus , 
Endochironomus and Glyptotendipes) have also been shown to be associated with highly 
productive lakes that lack abundant submerged vegetation, but are dominated by 
phytoplankton (Brodersen el aI. , 200 I). Dicrolendipes and Paralanylarsus have been 
associated with a habitat of leaf litter as well as this being a direct food source (Pope et al. , 
1999). The latter Genus has also been shown to be a commensal of dreissenid mussels and 
Unionid bivalves (also found at Aston on Trent) (Ricciardi, 1994) and Paratanytarsus 
austriacus is considered to be largely restricted to lacustrine environments (Rossaro et aI. , 
2006). Cryptochironomus has been reported as an obligate predator (Hornbach et al., 
1993), however other studies have demonstrated that the mouthparts of some species are 
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adapted for sediment collection, or utilising detritus as a food source (Annitage et aI. , 
1995). 
Some associations with high pH have been recorded in lake environments. Ablabesmyia 
and Psectrocladius have been found in small lakes with low pH, whilst Prodiamesa, 
Cryptotendipes, Theinemanniella, Paratendipes, Stempellina and Cricotopus are associated 
with large lakes and high pH (Mousavi, 2002). In studies of river channels in Ontario 
(Griffiths 1992), Tanytarsus, Microtendipes and Nilothauma were found to be particularly 
sensitive to alterations in pH (increases in acidity). 
Many genera are described as ubiquitous in terms of flow requirements and hence are not 
useful to the palaeoecological interpretation in this respect. These include Poiypedilum, 
Microtendipes, Phaenopsectra, Paratendipes, Cladopelma, Nilothauma, Parachironomus, 
Tanytarsus, Stempellina, Micropsectra, Cladotanytarsus, Theinemannimyia group, 
Ablabesmyia and Prodiamesa. Some of the taxa found here are semi-aquatic, indicating 
potentially the presence of temporary water, drying out during the summer e.g. 
Pseudosmillia and Chaetocladius (Wiederholm, 1983). A single example of the largely 
terrestrial genus Paraphaenocladius hints at the presence of meadows or alder carr 
(Wiederholm, 1983). 
Chironomids collected in a variety of environments, both lotic and lentic, were identified to 
Generic level in Italy (Rossaro and Mietto, 1998). This data was analysed using indirect 
ordination and exhibited an upstream-downstream gradient correlated primarily with water 
temperature and water velocity. Three genera were further analysed to species level to 
demonstrate the range of variation between species of the same genus. From this analysis it 
was apparent that a genus can characterise a varied habitat (e.g. Eukiefferiella in flowing 
water) but that different species may have more specific needs. Paratanytarsus, for 
example, is found in standing waters, headwaters and lowland rivers. 
Gandouin et al., (2005; 2006) classified taxa found in a palaeoecological dataset from the 
Saint-Omer Basin as ' limnophilous', 'rheophilous' or 'other' based on correspondence 
analysis of modem chironomid taxa inhabiting lentic and lotic environments of the Lower 
River Rhone in France (Table 8.6). Rheophilous taxa, including Eukiefferiella, 
Symposiocladius and Theinemannimyia are recorded in the lower part of Monolith A, C 
and 0 as well as scattered througbout Monolith E and can therefore interpreted as 
representing a flowing environment. Chironomus spp. , Glyptotendipes, Dicrotendipes and 
Endochironomus represented in the Aston on Trent palaeochannel are limnophilous in this 
classification. 
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Lentic Taxa Vbiquitous taxa Lotic taxa 
Ablabesmyia lohannsen Chironomus Zett. Brillia K. 
Cladopelma K . Cladotanytarsus K. Cricotopus v.d . W. 
Dicrotendipes K. Cryptochironomus K. Demicryptochironomus 
Lenz. 
Endochironomus K. Paralauterborniella Lenz. Eukiefferiella Th. 
Glyptotendipes K. Paralendives K. Micropseclra K. 
Kiefjerullus G. Polvvedilum K. Nanocladius K. 
Limnovhves Eaton. Procladius Skuse. Orlhocladius v.d. W. 
Micro/endives K. Prodiamesa K. Paracladopelma Harnisch. 
Parachironomus Walk. Paralrichocladius Sant A. 
Paralanylarsus Thein and Rheocricolopus Thein and 
Bause. Hamisch. 
Phaenopseclra K. Synorlhocladius K. 
Pseclrocladius K. Tvelenia K. 
Tanylarsus K. 
Table 8.7 An ecological classification of chironomid taxa from Saint-Omer (Gandouin et al. , 2005) 
With the exception of Chironomus anlhracinus type these are all taxa recorded in the upper 
parts of Monoliths A, C and 0 and indicate a lentic environment. Other taxa not recorded 
in the French study may be added to further the c lassification (Chapter 10.5). Rheophi lous 
taxa such as Rheolanylarsus and Polhaslia gaedii could be included but further work on the 
ecological associations of the genera involved is requ.ired. 
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Table 8.8 List of Chironomidae taxa present in the Aston on Trent palaeochannel 
SubfamilylTribe 
Chironomini 
(Tribe) 
Tanypodinae 
(Subfamily) 
Tanytarsini 
(Tribe) 
Orthocladinae 
(Subfamily) 
Diamesinae 
Prodiamesinae 
Species or Genus 
Chironomus anthracinus type 
Chironomus plumosus type 
Chironomus sp A 
Cryptochironomus 
Cryptotendipes 
Dicrotendipes 
Einfeldia dissidens 
Endochironomus 
Glyptotendipes 
Microtendipes 
Nilothauma 
Parachironomus 
Paracladopelma 
Paratendipes albimanus 
Phaenopsectra 
Polypedilum nubeculosum 
Polypedilum 11 
Stenochironomus 
Stictochironomus 
Ablabesmyia longistyla 
Macropelopia 
Pentaneurini indet 
Procladius 
Theinemannimyia type 
Cladotanytarsus 
Micropsectra bidentata 
Micropsectra insignilobus 
Paratanytarsus austriacus type 
Paratanytarsus penicillatus type 
Rheotanytarsus 
Stempellina 
Tanytarsus nemorosus type 
Tanytarsus mendax type 
Tanytarsus chinyensis type 
Tanytarsus pallidicornis 
Briffia modesta 
Chaetocladius 
Corynoneura 
Cricotopus cylindraceus type 
Cricotopus (lsocladius) intersectus type 
Cricotopus trifascia type 
Cricotopus trifasciata type 
Eukiefferiella devoniea type 
Eukiefferiella fitlkaui type 
Paraphaenocladius 
Psectrocladius 
Pseudosmitlia 
Rheocricotopus chalybeatus type 
Symposiocladius 
Synorthocladius 
Pothastia gaedii 
Prodiamesa 
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8.6. Summary 
This chapter has presented the results of the analysis of Chironomidae from the Aslon on 
Trent palaeochannel. It has shown the spatial variation between individual monoliths of the 
palaeochannel section and the temporal variation within each section, in terms of the faunal 
abundance, diversity of taxa, subfamilies and tribes. The ecological interpretation of thi s 
fauna, based on modern evidence has been di scussed. Final ly, the identification of an 
environmental gradient within the data has been identified by means of DCA analysis. 
Key points: 
• Three monoliths (A, C and D) display an abrupt change of Chironomid fauna with 
time, from a fast flowing adapted assemblage at the base, to one preferring slowly 
flowing or still water environments higher in the sequence. 
• The Chironomid taxa present can be di vided into flow preference groups as with the 
Trichoptera and Coleoptera according to their recorded ecological preferences. 
• DCA analysis of the Chironomid fauna for the palaeochannel as a whole displays a 
strong environmental gradient associated with organic carbon content, interpreted 
as flow, as seen in the Coieoptera and Trichoptera. 
The next chapter will consider the results of a multiproxy analysis relating the evidence 
from the three biological proxies (Coleoptera, Trichoptera and Chironomidae) to the 
lithological evidence from the sediments and the modem taphonomic study. 
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9 A Multiproxy study 
9.1 Introduction 
Unti l recently, the majority of palaeoecological environmental research has been 
undertaken with respect to only a single line of evidence (proxy), whether biological or 
lithological (Lowe and Walker, 1997). Although this may lead to a very detailed picture of 
past events at a particular location, the record may, inevitably, be incomplete, or 
taphonomically biased (Martin, 1999). A multi proxy approach has considerable advantages 
in providing a range of different environmental signals, giving a wider perspective, e.g., at 
Sagistalsee Lake in Switzerland, where biotic and abiotic parameters were combined to 
provide a more complete Holocene environmental history of the lake (Lotter and Birks, 
2003). It is hypothesised that the three faunal proxies used in this study will provide 
complementary environmental pictures of the palaeochannel at Aston on Trent, particularly 
with respect to the flow velocity in the channels and that the sediments and the modern 
taphonomic study will provide additional information, to complete a picture of the change 
in flow dynamics in the River Trent floodplain during the latter half of the Holocene. The 
previous four chapters have presented the results of the study of the Aston on Trent 
palaeochannel individually for the physical environmental proxies in Chapter 5 and the 
biological proxies; (Chapters 6-8). This chapter aims to provide a synthesis of information 
on the palaeoflow environment derived from; 
• the palaeoecological analysis of the; 
o Coleoptera, which have provided an established basis of ecological 
information, well documented, with established associations and species -
level identifications, 
o Trichoptera, which have recently been utilised to establi sh records of past 
flow velocity within the Trent catchment and 
o Chironomidae, which have provided a new perspective on the lotic 
environment and are ubiquitous, numerous and sensitive indicators of 
environmental change. 
• the palaeochannel sediments (particle size parameters, organic carbon, 14C dates 
and stratigraphy) which provide further information on the flow environment and 
provide an absolute chronological framework for the study, and 
• The taphonomic study of the River Soar, giving a modern perspective of 
taphonomic processes. 
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In particular, the information is related to the flow associations and ecological habitats of 
the palaeochannel environment. This synthesis is achieved hy means of a Detrended 
Correspondence Analysis (DCA), using the abundance information from all three faunal 
groups and Canonical Correspondence Analysis (CCA) of faunal evidence, combined with 
the physical abiotic parameters. The following di scussion will assess the relevance of thi s 
information in the li ght of the lli storical development of the palaeochannels at Aston on 
Trent. As a result of this analysis, a conceptual model is developed of the evolution of the 
palaeochannels wi thin the floodplain environment at Aston, during the latter part of the 
Holocene (5500 to 1500BP). There is a consideration of possible anthropogenic or climatic 
influences followed by a di scussion of the impl ications of the modem taphonomic study in 
relation to the palaeochannel. 
9.2 Combined Faunal evidence - Coleoptera, Tric/lOptera and Chironomidae 
DCA analysis of a combination of all three groups was undertaken within the program 
CANOCO 4.5 (ter Braak and Smilauer, 2002) to examine similarities and differences in the 
distribution of communities of all taxa, between the monoliths and between faunal zones. 
This analysis allows the investigation of the presence of any consistent biotic or 
environmental gradient for all groups within the data. DCA was separately undertaken on a 
combination of the Coleoptera and Trichoptera in order to relate the environmental 
information to the species LIFE groups. All faunal data were transformed (log 10 +1) prior 
to analysis to reduce any clustering of abundant or common taxa at the centre of origin. The 
DCA included 170 taxa in 50 samples. The first four axes accounted for 26.4% of the 
variation within the faunal data (Table 9. 1). 
Axes I 2 3 4 Total 
inertia 
Eigenvalues 0.39 1 0.113 0.074 0 .055 2.4 
Lengths of gradient 2.500 2.034 1.532 1.420 
Cumulati ve percentage varIance of species 16.3 21.0 24.1 26.4 
data 
Sum of all eigenvalues 2.40 
Table 9.1 Eigenvalues for combined DCA analysis of the Trichopte ra, Coleoptera and 
Chironomidae (AOT palaeochannel). 
The first two axes of the DCA analys is represent 21 % of the variance. This data IS 
presented in Figures 9.1,9.2 and 9.3. 
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Figure 9.1 DCA analysis axes 1 and 2; taxa from all groups (Coleoptera, Trichoptera and 
Chironomidae) grouped by Order/Family (AOT). 
There is a good horizontal spread of the three groups across Axis I of the graph (Figure 
9. 1). The Trichoptera and Coleoptera are clustered towards the negative end of Axis I and 
the Chironomidae at the positive end of Axis I. The Chironomidae have a greater range 
across the vertical Axis (2) particularly at the positive end of Axis I. This may reflect an 
association of some the Chironomidae with higher flow velocity estimated at >0.8-0.9 m sol 
by comparison with the Coleoptera and Trichoptera present in this region of the graph. 
All the samples, when grouped by monolith, show a spread across the graph indicating 
differences in the composition of the community with depth or time (Figure 9.2). However, 
Monoliths A and C are grouped into two distinct regions with respect to Axis 1 
(horizontal). Monolith D is di stributed fairly evenly across the centre and Monolith E is 
clustered towards the positive end of Axis I . There is a fairly even spread across Axis 2 
amongst all monoliths. 
When grouped by location within the palaeochannel as designated by faunal Zones I and 2, 
the DCA analysis demonstrates clear zonation (Figure 9.3). The majority of Zone 1 fauna 
are found at the positive end of Axis I and zone 2 at the negative end. 
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Figure 9.2 DCA axes 1 and 2; all groups (Trichoptera, Coleoptera and Chironomidae) by level and 
grouped by monolith (AOT). 
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Figure 9.3 DCA axes 1 and 2; Coleoptera, Trichoptera and Chironomidae taxa from all levels 
grouped by faunal zone (AOT). 
The faunal zonation designated here is based on all three groups (Coleoptera, Trichoptera 
and Chironomidae) for Monoliths A, C and D but on the Trichoptera only for Monolith E. 
The distinction of two zones on Monolith E was not clear for the Coleoptera or 
Chironomidae but is supported by the evidence from the combined DCA analys is (Figure 
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9.3) and a reduction in mean particle size (Table 9.5). The gravel horizons are shown 
separately. This graph shows that a very distinct environmental gradient exists between the 
communities in Zone I and Zone 2. This di stinction was clearly demonstrated for each 
individual group in Chapters 6-8. 
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Figure 9.4 DCA axes 1 and 2; Trichoptera and Coleoptera taxa only grouped by LIFE group (AOT). 
Separate DCA analysis of Trichoptera and Coleoptera (115 taxa) was carried out and 
grouped by palaeoLlFE group. Axis I and 2 here accounted for 20.7% of the variance with 
all four axes accounting for 27.5% (Table 9.2). 
Axes J 2 3 4 Total 
inertia 
Eigenvalues 0.528 0.168 0.139 0.092 3.370 
Lengths of gradient 2.668 2.102 1.911 1.417 
Cumulative percentage vanance of species 15.7 20.7 24.8 27.5 
data 
Sum of all eigenvalues 3.370 
Table 9.2 Eigenvalues for combined DCA analysis of the, Coleoptera and Trichoptera only (AOT). 
This analysis demonstrates a spread of the LIFE groups along Axis I, with groups I and 2 
at the positive end and groups 5 and 6 on the negative end (Figure 9.4). Group 4 has a wide 
spread across the centre of the Axis. Since the LIFE group of each species is detenmined by 
its velocity preferences based upon modern faunal studies and expert opinion (Extence et 
al., 1999), as with the individual group results for the Coleoptera and Trichoptera, this 
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suggests that Axis I represents an environmental gradient associated with flow velocity or 
flow regime in the data. 
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Figure 9.5 Correlation of combined palaeoLlFE scores for Trichoptera and Coleoptera with DCA 
Axis 1 (AOT). 
In order to establish the simi larity or difference in the results from the Coleoptera and 
Trichoptera a correlation of combined (mean) palaeoLIFE scores for the Trichoptera and 
Coleoptera and DCA Axis 1 (Figure 9.5) was carried out. This demonstrates a close 
association of the two values (r2 = 0.668). However, tbi s r2 value is lower than the 
individual values for both the Tricboptera (~ = 0.904), Figure 7.13 and the Coleoptera (r2 = 
0.832), Figure 6. 13. 
9.3 Physical evidence - incorporating the sediment data 
Correlations 
A statistical correlation of the DCA Axis I results for all taxa and levels was carried out 
using SPSS v 12, with respect to all the independent physical parameters which had been 
examined during the study. These consisted of:- organic carbon content, percentage of 
gravel , sand, si lt and clay, mean, median and modal particle sizes and skewness for 
fractions separated at 125f.Lm labelled > I 25f.Lm (sand) and <125f.Lm (si lt) (Table 9.3, 
Appendix 2B). Particle size parameters are derived from the particle size analysis using the 
Coulter LS230. There is a negative correlation between organic carbon content and the first 
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DCA Axis (r2 = 0.424, p<O.OOI , Figure 9.6). As there is less organic material present at 
higher flow velocities, this suggests that DCA Axis I is strongly related to the flow 
velocity in the palaeocbannel. 
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Figure 9.6 Correspondence of DCA Axis 1 with organic carbon for all samples (AOT). 
Pearson Correlation = -0.604 significant at 0.01 level (2 tailed) (N=49) 
9.4 Correlation within zones 
Pearson Correlation of the combined faunal DCA analysis (Axis I) with the sediment data 
variables (see Appendix 2) was carried out in order to establish any associations of the 
physical and biological parameters (Table 9.3). DCA analysis was performed using data 
separated by faunal Zone (1 and 2). Correlation of all levels (both zones) shows a 
significant (0.01) positive correlation with organic carbon and negative correlation with 
modal sand size (Table 9.3). There are less significant correlations with percentage sand, 
silt and clay and with mean and median sand size. When the levels are broken down into 
the faunal zones tbe results are different. Zone I showed a weak positive relationship with 
modal sand only (> I 25mm) with Pearson Correlation =0.480, r2 = 0.23, significant at 0.05 
level, 2 tailed, N=22 (Table 9.3). 
In Zone I organic carbon correlates positively with DCA Axis 2 (Pearson Correlation 
=0.571, sig at 0.01 level, N=22). Axis 2 may be related to the amount of vegetation present 
in the channel and or the avai lable substratum. Greenwood el al., (2006) discovered a 
distinction of two groups of lentic-associated trichopteran fauna based on the size of water 
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body, vegetation presence and substrate character. This division related to the taxon 
associated position on Axis 2 of DCA analysis 
Parameter Axis 1 Axis 2 
Both Zone 1 Zone 2 Both Zone 1 Zone 2 
zones (-gravel) zones (-gravel) 
(+aravell (+aravell 
Organic -0.604 NS -0.53 -0.358 +0.571 NS 
carbon (0.01) (0.01 ) (0.05) (0.01) 
i+Qravell 
% aravel NS NS NS NS NS NS 
% sand +0.360 NS NS NS NS NS 
(005) 
% silt -0.336 NS NS NS NS NS 
(0.05) 
% clay ;~3~i NS NS NS NS NS 0.05 
Mean sand ;~352 NS -0.643 -0.378 NS NS 
size 0.05) (0.0 1) (005) 
Median -0.388 NS -0.659 -0.358 NS NS 
sand size (0.05) (001) (005) 
Modal sand -0.446 0.480 -0.7 -0.313 NS NS 
size (0.01 ) (0.05) (001 ) (0.05) 
Mean silt NS NS NS NS NS -0.499 
size (005) 
Median silt NS NS NS NS NS -0.471 
size (005) 
Modal silt NS NS NS NS NS NS 
size 
Skewsand NS NS 0.691 NS NS NS 
(0.01) 
Skewsilt NS NS NS NS NS NS 
Table 9.3 Pearson correlation results with DCA Axis 1 and measured physical parameters for 
Zones 1, 2 and combined results with 2-tailed significance (AOT). 
Modal sand values are thought to best represent the up profile changes in gram SIze 
(Brown, 1985), and thus changes in sedimentary environment (e.g. water depth and/or 
velocity). A plot of the modal sand values for all levels against DCA Axis 1 (all taxa, a ll 
levels) is shown in Figure 9.7. This clearly disti nguishes the two zones at posi tive and 
negative ends of the DCA Axis 1 with a further distinction for the gravel horizons. This 
may indicate different conditions of deposition fo r the two zones which may be linked to 
changes in flow, connection to, and/or distance from the active channel of the River Trent 
(Thorns et aI., 2007) . 
Zone 2 had a further positive correlation (r2=0.477) of DCA Axis 1 with decreasing 
negative skewness of the sediment > 1 25~m , as yet unexplained (Figure 9.8). 
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Figure 9.7Correlation of Modal sand (> 125).lm) and DCA Axis 1 for all samples; grouped by zone 
(AOT). 
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9.5 Canonical Correspondence Analysis 
Canonical correspondence analysis was undertaken within the program CANOCO 4.5 (ter 
Braak and Smilauer 2002) on all avai lable taxa (\70) and levels (50) and using 13 
environmental variables (see Appendix 2). This analysis enables the relationship between 
the taxa present and the physical attributes of the palaeochannel to be examined in detail. 
Eigenvalues are displayed in Table 9.4. Axis I and 2 accounted fo r 40% of the observed 
variation of the taxa-environment relations and 12% of the variance of taxa only. 
.. 
& 
O.B 
0., 
o 
o 
<XI 0 
0 0 0 
a 0 0 o 0 0 
0 
~ 
<> Zone 1 
El Zone 2 
... Gravel 
-- ----n&---,o-Qo--·O~ 0 "'~ -~------
· 1.1 o 4l.SO <1> 0 :8~ 
o 
e.4 
0 0.9 
"0 
1.4 
0 0 o 
-0.7 
L-________________ ~2!--------------------------------~ 
Figure 9.9 CCA axis 1 and 2; all levels with physical data grouped by Zone 
(AOT palaeochannel). 
o 
grave, 
Modal sand 
Median sand 
Mean san 
skew sand 
%clay 
.. ~~~~.~S~il=t ====~~~E 
%sand Organic carbon 
o 
N 
o 
I 
%silt 
Modal silt 
Mean silt ~edian silt 
-0.30 
Figure 9.10 Plot of all the environmental variables from CCA analysis (AOT). 
0.50 
239 
Figure 9.9 shows results of Axis I and 2 grouped by faunal 
regions on the graph for each zone. The m'\iority of Zone I 
of Axis I , whi lst Zone 2 is mainly grouped at the positive 
Monolith A is central but higher on Axis 2. The longest v 
zone. This shows overlapping 
values are on the negative end 
end. The gravel hori zon from 
ector from the CCA analysis, 
representing the physical attributes of the paJaeochannel , is organic carbon, which is 
strated (Figure 9. 10). therefore the most s ignificant envi ro nmental variable demon 
Axes I 2 3 4 Total 
inertia 
Eigenvalues 0.24 1 0.08 4 0.067 0.064 2.642 
Species-environment correlations 0.820 0.88 1 0.93 1 0.861 
Cumulati ve percentage variance of specIes 9.1 12. 3 14.8 17.2 
data 
Cumulati ve percentage variance of species- 29.4 39. 7 47.8 55 .7 
environment relation 
Sum of all eigenvalues 2.642 
Sum of all canonical eigenva lues 0.818 
Table 9.4 Eigenvalues for combined CCA analysis of th e Trichoptera, Coleoptera and 
Chironomidae with environmental data (AOT). 
Forward selection and use of the Monte Carlo rando m permutations test (999) of 
rmination of tJle significance of 
on Trent data were tested and 
sedimentological variables, within the CCA, allows the dete 
each paramete r to be tested. All 13 variables for the Aston 
three (organic carbon, skewness of sand and percentage of sand), were found to be 
ficant variable (p<0.001). Al l 
arison of Figu res 9.9 and 9. 10 
nic carbon Axis (Figure 9. 10). 
significant (Table 9.5). Organic carbon was the most signi 
other parameters were not statistica lly significant. A comp 
demonstrates that Zone 2 samples align well along the orga 
Zone I data aligns along the %sand and modal silt axes. 
Parameter F va lue P value 
Organic carbon (%LOI) 3.594 0.001 
Skewness of sand 1.544 0.027 
% of sand 1.5 1 0.03 1 
Table 9.5 Table of significant results of Monte Carlo permutations test for CCA analysis of a ll taxa 
and sedimentologica l parameters at Aston on Trent. 
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The results of the CCA analysis can also be di vided into taxa groups based on LIFE groups 
(Figure 9.11 ). This demonstrates that LIFE groups 1, 2 and 3 are clustered on the negative 
end of Axis I, whilst groups 5 and 6 are found on the positive end. Group 4 straddles the 
centre of the graph. When combined with the physical attributes of the palaeochannel the 
taxa still re fl ect a strong environmental gradient along Axis I ill ustrated by the palaeoLlFE 
score (Figure 9 .1 1). This suggests a strong relationship with flow velocity regime. 
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only, AOT). 
There is a clear correlation (r2=0.863) of CCA axis 1 with the combined palaeoLI FE scores 
for the Coleoptera and Trichoptera (Figure 9.12). This r2 value is higher than that of the 
combined DCA with the palaeoLIFE scores (0.668) and fall s between the individual values 
for the Tri choptera (0.904) and the Coleoptera (0.832). This evidence emphasizes the 
relationship between the taxa in each level and the flow velocity regime demonstrated in 
the palaeochannel sediments. 
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9.6 Discussion 
This section will assimilate and incorporate the preceding physical and bio logical evidence 
to reconstruct the flow environments in the palaeochannels of the R.iver Trent at Aston on 
Trent in the last 5500 years. The faunal evidence, in terms of the palaeo Ll FE scores, 
deri ved ITom the Trichoptera, Coleoptera and indirect evidence from the Chi ronomidae, 
will be combined with the evidence from the sed iment analys is, organic carbon, 
strati graphic and AMS radiocarbon dating, to produce a conceptual model for the 
palaeochannel development. 
9.6. 1 Faunai evidence 
In each of the three groups studied (Coleoptera, Trichoptera and Chironomidae), a clear 
di stinction between two (temporal) zones has been demonstrated in each of the monoliths 
except E (Chapters 6, 7 and 8). The data from the combined faunal DCA analysis, shown in 
Figure 9.3, demonstrates that a very clear di stinction exists between the communities in 
Zone 1 and Zone 2 for all three groups combined. This can therefore be related to the 
environmental conditions which were prevailing at the time of deposition of the material 
within the two zones. Based on the fauna present, the gravel horizons are more closely 
related to Zone 2 and could be placed within thi s zone, bowever CCA analysis 
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distinguishes particularly the gravel horizon In Monolith A as environmentally distinct 
when the sedimentological data is included. 
The faunal distinctions between Zones I and 2 are significant in tbat they represent two 
completely different flow regimes. There is no gradual change between the two faunas and 
the abrupt change occurs at the gravel horizon in Monolitbs A and C and although less 
clearly, within one horizon for Monolith D. Since the strati graphic sequence denotes that 
the two assemblages are not spatially distinct (i.e. they lie one above the other), they are 
di stinct temporally and therefore represent two separate periods of depositional history for 
the River Trent. This is confirmed by the presence of the gravel horizon in Monoliths A 
and C, which appears to represent at least 1000 years of elapsed time (3900-3700 cal BP to 
2750-2460 cal BP in Monolith C). The faunal distinctions which are apparent between the 
two zones in three of the monoliths may also indicate the level of connection with the main 
channel and the origin of the fauna itself. Zone 1 fauna, is dominated by taxa which prefer 
water velocities greater than 20 cm S·l (LIFE group 2 for the Coleoptera and Trichoptera) 
and is likely to represent that found in the active channel. The palaeochannel was therefore 
probably physically connected to the main channel during deposition, intermittently if not 
permanently. The fauna in Zone 2, which is dominated by taxa preferring slow velocity or 
sti ll water (LIFE group 4-6 for the Coleoptera and Trichoptera), represents the 
palaeochannel when it was disconnected from the main channel with little or no flow. The 
fauna here therefore cannot be derived from the main channel and is therefore likely to be 
entirely in situ except for occasional well worn sclerites from extreme flood events. 
9.6.2 Organic carbon 
In modem studies of the rivers Rhone and Danube, the suspended load carried has been 
shown to increase and the organic content decrease with increasing connectivity to the 
main channel (Amoros and Bornette, 2002). The mean variation in organic carbon across 
the palaeochannel profile at Aston on Trent (Table 9.6) suggests that there is a clear 
difference between mean values above and below the gravel horizon, as well as spatially 
across the channel. Overall , mean organic content increases from Monolith E (6.98) to 
Monolith A (17.53) suggesting an increase in macrophytes present in the channel in this 
direction and possibly decreasing connectivity with the main channel. Values are also 
higher in Zone 2 (11.55 to 22.41), than in Zone 1 (5.68 to 9.88). 
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Monolith A C D E 
Organic content (%LOI) Mean 17.53 11.99 10.72 6.98 
Below gravel (Zone 1) Mean 6.49 9.88 9.36 5.68 
Above gravel (Zone 2) Mean 22.41 14.09 11 .85 11 .55 
Table 9.6 Mean values of organic carbon (%LOI) across the palaeochannel section and for zones 
above and below the gravel horizon. 
There are different trends either side of the gravel horizon (faunal Zones I and 2). In Zone 
I values fo r Monoliths A and E are lower than for C and D, suggesting that Monoliths A 
and E were closer to the active channel , or in a higher energy area of the channel. In Zone 
2, values for D and E are lower suggesting that the active channel has now moved closer to 
this position and hence away from A. If the channel were cut off completely from the main 
channel at this point, this would represent increased stability in the environment, enabling 
greater growth of macrophytes as the channel became infilled with fine grained sediments. 
In Zone I, DCA Axis 2 (all taxa; by zone) correlates positively with organic carbon content 
(%LOI) (p=0.57 1, sig at 0.01 level, N=22), Table 9.3. Axis 2 may be related to the amount 
of vegetation present in the channel and or the avai lable substratum as demonstrated here 
(See 9.6.3) (Greenwood et aI. , 2006) . 
9.6.3 PalaeoLIFE scores at Aston on Trent 
In a study of 17 palaeochannel sequences from the River Trent catchment, the calculated 
palaeoLlFE scores from trichopteran remains gave an environmental picture of the 
inchannel conditions and the surrounding fl ood plain during the Holocene (Greenwood et 
aI. , 2006). The palaeoLIFE scores of the samples used in the study varied from 9 to 4.36 
demonstrating communities characterized by moderate to rapid fl ow and variation was seen 
within profi les indicating a change of flow regime with time. Detrended Correspondence 
Analysis using CANOCO software (ter Braak and Smilauer, 1998) separated the fauna into 
two groups; those associated with moderate to rapid flows such as Rhyacophila dorsalis 
and Hydropsyche contubernalis, and those (Tom slow flowing o r lenli c environments 
(Cyrnus jlavidus, Limnephilus decipiens and Trichoslegia minor) . A distinction was also 
defined based on habitat type in the slow flow gTOUp; 
• A small nutri ent rich lentic habitat group associated with emergent and submerged 
vegetation and 
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• A group associated with larger water bodies, where marginal vegetation may be 
present but sand and gravel substratum was dominant. 
The importance of habitat type in slow flowing environments IS thus emphasized 
(Greenwood et ai. , 2006). 
The validity of adapting the palaeoLIFE score as a proxy for flow velocity in thi s study has 
been demonstrated by means of the DCA analysis of the Coleoptera and Trichoptera; in 
terms of the strong association of the primary Axis with the palaeoLlFE scores for both 
groups. Similarl y, a relationship to fl ow has been demonstrated in the Chironomidae, 
although no LIFE group values yet exist for this subfamjly. The negative correlation 
between organic carbon (%LOI) and DCA Axis I for all three groups is further evidence 
for the validi ty of calculating palaeoLl FE scores as a measure of flow in past environments. 
A comparison of the Trichoptera palaeoLlFE scores for the entire palaeochannel with 
Coleoptera palaeoLIFE scores gives r2 = 0.659, p<O.OOI (Figure 9. 13). This demonstrates 
that the two values are closely related and that the Trichoptera and Coleoptera are therefore 
recording similar palaeoLlFE scores for the palaeochannel as a whole. The difference 
between the two groups may represent their life positions within the ri ver itself. The 
Trichoptera larvae are mostly benthic whilst the Coleoptera adults inhabit the entire water 
column, surfacing regularl y to breathe. 
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Although each proxy demonstrates a clear gradient, the r2 values for combined Coleoptera 
and Trichoptera palaeoLlFE scores, when plotted against DCA Axis I (proxy of flow) were 
lower (Figure 9.5). The close correlation between the two sets of palaeoLlFE scores, 
however, is a positive indication for the use of the LIFE index in thi s palaeoecological 
context (Figure 9.5). Compari son of the palaeoLlFE scores across the channel has 
demonstrated a significant decrease in values above the gravel horizon in a ll monoliths for 
both the Coleoptera and the Tri choptera (Figures 6. 15, 7.15). Thjs confirms the faunal 
evidence of a change in community assemblage between Zones I and 2, representing a 
change in flow environment. 
9.6.4 Radiocarbon dates - Diachronism 
There is some variability in the dates for the bases of the four monoliths. This suggests that 
the commencement of sedimentary infill was diachronous across the palaeochannel profil e. 
The oldest date is at the base of Monolith C (5300-4960 cal BP) which is also the deepest 
point sampled. Monoliths D and E have very similar ages at the base and can be considered 
contemporaneous. The date fo r the base of Monolith A is younger than the other 3 
monoliths (3560-3380 ca!. BP). This suggests that sedimentation at Monolith A 
commenced at a later date than for the other 3 monoliths. This date makes the sediment 
here contemporaneous with the log boat age (3490-3360 cal BP) and therefore represents 
levels which have been eroded in Monolith C, D and possibly E. This suggests a major 
scour event occurred, which removed a considerable depth of deposited material from Zone 
I and forming a second channel, before the recommencement of infi lling and deposition of 
the log boat and the gravel horizon. Sediments at the base of Monolith A, although faunally 
similar to those in C, D and E represent a diffe rent phase of activity of the channel and 
subsequent infilling. The two separate channels and their iniill can be referred to as 
Channel I and Channel 2 but are not physically equjvalent to Zone I and Zone 2 which 
represent the high and low velocity flow regimes as described by the fa una. 
9.6.5 Log boat position 
From measurements made using the total station it was calculated that the log boat lies at a 
horizon 20cm lower than the base of Monolith C. It is dated at 3490-3360 cal BP (Bronze 
Age) which is considerably younger than the base of the lower channel I (5470-5260 cal 
BP) and therefore is not contemporaneous with it. The date of the log boat fall s within the 
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range of dates for the base of Monolith A. The log boat was therefore lost in the second 
channel cut through after the infilling of channel I. 
It is possible that the second channel represents a reactivation of the earlier channel, at 
reduced width and laterally displaced with respect to the original position. The second 
channel may therefore be located further to the East of Monolith C and hence be at its 
deepest in the vicinity of the log boat. The combination of the date of the base of Monolith 
A and the log boat position requires the fauna at the base of A to be related to the second 
channel and not the first. It therefore represents a stage when the second channel was 
connected intermittently to the main river channel again and permanently waterlogged, 
producing a zone I type fauna representative of flowing water. 
9.6.6 Sedimentary evidence 
The sedimentary record in palaeochannels is determined by autocyclic and allocyclic 
processes i.e. those which relate to the spatial relationships with the active channel and that 
are caused by external factors such as climate or human impact (W6jcicki, 2005). Different 
patterns of floodplain sedimentation have been recorded and can be recognized, at a range 
of different spatial scales (channel, floodplain process zone, geomorphic unit) by means of 
using multivariate statistics (Thorns et al. , 2007). The sedimentary record at Aston-on-
Trent is necessarily incomplete due to the possibility of multiple periods of reworking due 
to channel mobility within the f1oodplain. One clear hiatus of around 1000 years has been 
demonstrated by the presence of the gravel horizon and the radiocarbon dates which 
bracket it. Similar sedimentary breaks may exist elsewhere within the sequence but remain 
unrecorded. 
Particle sizes analysis 
All four Monoliths show a variety of sedimentary environments or facies within their 
profiles (Table 9.7). A study of palaeochannel material from the Tyne valley (Moores et 
aI. , 1999) suggests that inorganic silt and sand horizons may represent flood deposits 
postdating channel abandonment (i.e. during infilling). Differences in stratigraphy between 
morphological units (levels) have been demonstrated to reflect local variations in energy 
and/or sediment supply (Thorns et ai. , 2007) with differences in sediment coarseness 
relating to distance from the main river channel (Marriol, 1992). 
Monoliths A, D and E show a change in the balance of grain sizes at the faunal zone 
boundary. [n Zone 1 there are larger mean particle sizes than in Zone 2 where there are 
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much higher levels of silts present. This may represent a change from a greater to a lower 
energy environment, possibly representing a greater distance from the main channel or less 
sediment supply (Thorns et aI. , 2007). The appearance in Zone 2 of a positive correlation 
(~=0.477) of DCA Axis 1 with decreasing negative skewness of the sand (sediment 
> 12S flm) is possibly significant (Figure 9.9). Skewness of di stribution is thought to be 
associated wi th environmental energy and is often associated with areas of erosion 
(S tephenson 1970). Ri ver deposited sediments are normally positively skewed. It IS 
therefore possible that there is a decrease of overbank flooding (overbank velocities) In 
Zone 2 with increasing di stance from the main channel. 
Monolith A C D E 
% gravel 15.54 7. 10 0 0 
% sand 38.35 37.36 33.75 47.90 
% silt 37.44 46.42 54 .93 43.92 
% clay 8.68 9. 13 11 .32 8.18 
Mean particle size 
(excluding gravel hori zon, in )1m) 29.97 106.4 1 69.22 90.41 
Mean particle s ize Zone I (flm ) 61.17 63 .08 99.99 107.60 
Mean particle s ize Zone 2 (flm) 22. 16 144.92 32.29 30.26 
Table 9.7 Particle size totals for each monolith and above and in Zones 1 and 2 (AOT 
palaeochan nel). 
Monoliths A, 0 and E all show a progression towards an increase in percentage of fi ne 
sediment content towards the top of the profile and hence a lower energy environment. 
Fining upwards sequences are often associated with lateral chartnel migration (Thoms et 
aI. , 2007). The particle size analysis for Monolith C also shows a change in percentage 
content of sand at the gravel horizon. Below the gravel horizon the sand percentage appears 
to be similar to that at the base of Monoli ths A and E. Unlike the other monoliths the mean 
particle size is higher in Zone 2, above the gravel hori zon. In both zones the sand fraction 
increases and decreases in what appear to be a cycles of approximately a few hundred years 
(F igure 5. 12). These cycles could represent increased energy in terms of di scharge, or 
greater volumes of sediment input with increasing and decreasing di stance from the main 
chartnel as the channel migrates across the floodplain. 
Monolith E at the edge of the palaeochannel , demonstrates the highest percentages of sand 
overall. This may indicate a more energetic environment existed here during the period of 
infilling (Channel I ) and hence a closer prox imi ty to the sediment source i.e. the acti ve 
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channel. Mean particle size in Zone I also increases from A to E across the profile, which 
may reflect local vari ations in the sedimentary environment as E is also positioned closest 
to the edge of the channel on the inside edge of a bend where significant deposition would 
be expected to occur. 
Stream power increases with steeper slopes and higher discharges enabling transport of 
larger sediment parti cles (Gordon el aI., 2004). Palaeochannels created by avulsion are 
likely to have variable stratigraphic characteri stics depending on the cut off angle and 
relative elevation (Moores el aI. , 1999). The gravel horizon therefore represents a major 
event in the sedimentation infill of the channel and may be the result of a channel avulsion 
event and final closing of the palaeochannel connection with the main channel flow. The 
large hiatus in time represented by the gravel (min. 950 years) indicates that a substantial 
thickness of material has been removed here. 
9.7 Palaeoclumnel development model 
The earli est event refl ected in the profile must be the cutting down of the first 
palaeochannel into the underl ying gravels. This must have occurred prior to 5470 cal BP, 
wtlich is the oldest radiocarbon date recorded at the base of Monolith C. The underl ying 
gravels were not seen in the monoliths taken, except at A, where the base is younger but are 
measured in boreholes (SK42N W816) at 4.1 metres below the topsoil (British Geological 
Survey data). Other excavation data recorded by C. Sali sbury (pers. comm.) places the 
gravel at 4.4 metres depth. Infilling of thi s flrst channel (1) commenced at around 5470 cal 
BP, therefore at this point there was limited connecti vity to the main ri ver channel in order 
for sedimentation offme silts to build up (Figure 9.14a). 
Connectivity of some kind is establi shed by the presence of the tmee groups of 
macro invertebrates with preferences for flowing environments (Zone 1). This is reinforced 
by the negative relationstlip with organic carbon (Zone 1; DCA Axis 2) and the positive 
relationstlip to the modal sand measurement (Zone 1; DCA Axis I )(Table 9.3). This 
sedimentation continued for a period of at least 1500 years until the channel was 
reactivated (Figure 9. 14b). Evidence for this event lies in the position of the log boat (at 2 
metres depth, 20cm below the base of Monolith C) and the date for the base of Monolith A. 
The two dates are virtually coincident witmn the range 3560-3350 cal BP. There must have 
been a substantial period of erosion of material (1-1.5 metres depth) to enable the log boat 
to be positioned at this depth (Figure 9. 16). This event occurred after 3900-3700 cal BP 
(date from Monolith C beneath gravel horizon) and before 3560-3 380 cal BP (date for the 
base of Monolith A). 
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Figure 9.14 Conceptual model of palaeochannel development c. 5500BP to 1350 cal BP at Aston 
on Trent. 
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This second channel (2) is possibly narrower than the original but is laterally displaced to 
the east (Figure 9. l4b). Monolith E has a reduced upper Zone (2) which suggests that little 
erosion took place in thi s region, if any, during the scour event. Sedimentation in Channel 2 
begins at 3560-3380 cal BP (date of the base of Monolith A) and continues for an unknown 
peri od, with intermittent connection to the main channel as with Channel I . This is 
recorded by the fauna in the base of Monolith A which is indicative of flow. 
The next event, stratigraphically and chronologically, is the deposition of the gravel 
horizon. The gravel horizon represents a hiatus of 1450-950 years, and dates between 3900-
3700 cal BP and 2750-2460 cal BP. This range covers both the reacti vation of the channel 
and the deposition of the log boat. It is unlikel y that the gravel horizon represents a large 
or extreme flood event since the maximum particle size was recorded as 3.2cm. In order for 
particles of this size to be entrained as bedload, a velocity of >0.65m S·I is required (Alien, 
1965). This is approximately equivalent to the fast flow velocity measured in the Ri ver 
Soar during the taphonomic study. This hori zon however, does mark the very sudden 
change (noted in chapters 5-8) wi thin all three faunal communities, fro m fast to slow 
velocity associated fauna in Monoliths A and C. The gravel horizon may relate to an 
avul sion event which diverted the main course of the river away from the channel 
represented here (2), leaving it complete ly cut off and hence with no flow velocity 
recorded, as suggested by the fauna (Figure 9.14c). 
The changes in the long profil e of the Ri ver Trent at thi s geographical locati on have been 
influential in the development of the palaeochannels during the Holocene. A cross-section 
labelled C I-C2, drawn from borehole information just north of Aston-on-Trent (Figure 
9.15), describes the enormous variation in floodplain elevation and thickness of alluvium 
and gravel resulting from a sudden reduction in the long profil e gradient of the Ri ver Trent 
at this point (Winters, 2000). Figure 2.8 in Chapter 2 indicates that there is a major 
constriction in the width of the vall ey floodplain immediately upstream of the 
palaeochannel site at Aston on Trent. This constri ction is thought to have affected the flow 
downstream particularly at times of flood and may have been implicit in avul sion events 
(Sali sbury, pers. comm.). 
Both sedimentary and fa unal sequences above the gravel horizon are similar in Monoliths 
A, C and 0 , recording a negative correlati on with organic carbon content and modal sand 
size and positive with sand skewness. [n Zone 2 mean particle sizes are smaller in 
Monoliths A, D and E but not in Monolith C. This local variation may be due to the 
available sediment eroding locally as Monolith C was located close to a sandbank (Plate 
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3.9). The infilling of channel 2 continues until 1530-1350 cal BP, which is the date 
recorded nearest to the present land surface. A summary time tahle of probable events in 
the formation of the two palaeochannels is given in Table 9.8 and is derived from the 
radiocarbon dating data and the above evidence. 
Event Date (car BP) 
Channel I cuts down through Devensian gravels Before 5470-5260 
Lnflow end of channel I is partially cut off (Date from base of Before 5470-5260 
channel I )(Figure 14a) 
Channel I begins to fill with sediments (Dates from base of After 5470-3700 
channel 1 to below gravel horizon) 
Channel 2 erodes through the top of channel 1 (scour), laterally After 3900-3700 
displaced (E) (Date inferred from above and below) (Figure 14b) Before 3560-3 380 
Sedimentation begins in Channel 2 After 3560-3380 
Log boat is lost in channel 2 (Date from log boat) After3490-3360 
Channel 2 is cut off by flood event depositing gravel hori zon Before 2750-2460 
(Date from log boat and above gravel at base of second channel) 
Channel 2 fill s with sediment (Date from base of channel 2 to Between 2750-2460 
surface) and 1530-1350 
Table 9.8 Combined model for palaeochannel development at Aston on Trent, using 
sedimentary, faunal and radiocarbon dating evidence. 
SECTION Cl · C2 
N S 
Cl C2 
I !Il!I TOPSOIL 0 AllUVIUM Ql] GRAVEL 0 BEDROCK 
Figure 9.15. Section C1-C2 from Winters, 2000. Profile of Trent valley. 
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Figure 9.16 Schematic cross-section of Aston on Trent palaeochannels, with dating levels and log boat position. 
(All dates in cal years BP) 
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9.8 'The bigger picture' Anthropogenic or Climatic effects 
The Quaternary epoch, or Pleistocene, has been synonymous with the ' Ice Age' since the 
middle of the 19'h century when the phrase was first coined (Lowe and Walker 1997). One 
of the earliest attempts at subdivision of the Quaternary, based on climate variation, was by 
Penck and Briickner (\ 909), who di vided the Pleistocene into four major glacial cycles 
(Giinz, Mindel, Riss and Wiirnl) with intervening interglacials. This early work was based 
on the stratigraphic di vision of the terraces of tributaries of the Danube in southern 
Gennany. This seminal work linked aggradation to glacial sediment supply and incision 
with terrace formation within the abandoned floodplains of interglacial periods (Blum and 
T6rnqvist, 2000). Advances in dating techniques such as radiocarbon (Libby, 1955) and 
potassium/argon, uranium-series dating together with dendrochronoJogy and 
magnetostratigraphy have increased levels of chronological accuracy. Other techniques 
such as Optically Stimulated Luminescence (OSL) and amino acid racemisation are further 
extending the range of available materials which can be dated (Lowe and Walker, 1997). 
Recognising the incomplete nature of the terrestrial records, the deep sea cores have 
provided a continllous and detailed environmental record providing direct evidence of 
global ice volumes and temperature change by measuring oxygen isotope ratios (Emiliani , 
1955; Shackleton, 1987). Even more recently the cores from both Greenland and Antarctica 
(GISP2, GRIP, NG RIP, Vostock and Dome C) have established an annual record of 
changing environmental conditions, providing both temperature and atmospheric 
information utili sing oxygen isotopes, trace gases, chemical compounds and particulate 
matter (Lowe and Walker 1997). These long-term records provide a backgrowld against 
which information gained from other proxies can be gauged. Terrestrial records of climate 
change can be derived from a variety of sources such as lake sediments and their biota, 
blanket bogs and mires, cave speleothems and carbonate deposits, wind blown sediments 
sllch as coversands and loess, glacial and periglacial sediments and fluvial sediments 
(Lowe and Walker 1997). Each of these environments can contain a variety of climate 
proxies (see Chapter 2) from which detailed climate infonnation can be deri ved. These 
records have demonstrated cycles of climatic change linked to the Milankovitch theory of 
orbital perturbations and solar forcing, on a variety of scales from \ OOk yr and 40k yr 
Dansgaard-Oeschger cycles (I-2kyr) which are grouped into Bond cycles ( \ 0-15kyr) are 
also present, consisting of sub-Milankovitch scale events which may be orbitally forced 
(Rial, 2004). 
Fluvial response to climate change has been demonstrated to be more complicated than the 
simple model of one terrace being equal to one glacial episode, proposed by Penck and 
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Brlickner. It is now noted that different fluvial systems have various sensitivity levels to 
external controls related to internal system dynamics and that this may also be influenced 
by matters of spatial and temporal scale (Blum and T6rnqvist, 2000). 
Tracing the effects of climate change within the Holocene is more complex than for the 
Quaternary as a whole due to the smaller scale of any apparent variation in factors such as 
temperature (Brooks and Birks, 2001). Biological indicators such as Chironomids have 
been investigated as potential indicators of temperature change in the Holocene but as a 
result of soil development, changes in other variables such as pH, nutrients and DOC may 
have a greater effect on the composition of lake fauna than the temperature variation 
(Brooks, 2005); and use of the oxygen isotopes they contain as temperature proxies may 
prove more useful in the long-term (Walker and Cwynar, 2006). Other insect proxies such 
as Coleoptera and Trichoptera would no doubt be prone to the same problems of relative 
temperature insensitivity. There is little if any evidence of any temperature change 
indicated within the fauna at Aston on Trent in that no notable indicators of colder or 
warmer conditions are contained within the fauna represented in the palaeochannel section 
over the time period covered (approximately 3 500 years) . 
Sedimentary studies can provide sensitive indications of past climatic conditions unaffected 
by biotic factors. High resolution sequences of varves from German lakes have been 
examined by microfacies analysis and are directly comparable with the ice-core record 
indicating changing precipitation over the Holocene at subdecadal resolution (Prasad et al.. 
2006). This provides evidence of a major cooling event at 8.2ka cal BP from a variety of 
sources such as pollen and lake levels (Magny et al .. 2003 , Prasad et ai, 2006). 
Fluvial sedimentation is recognized as a less complete environmental record than that of 
the oceans and considerable variations in deposition may occur within a catchment (Lewin 
et al., 2005). Complications in the record also result from reworking and local variations 
producing a variety of visible units such as channel accretion deposits, levees, abandoned 
channel fills, floodplain surface deposits, backswamp deposits and coli uvial materials. 
However, these archives are valuable as the nature of the units and the units together 
respond to environmental factors including sediment supply, hydrological regime and 
vegetation cover (Lewin et al.. 2005). Macklin and Lewin (2003) used date summation 
plots to show that periods of significant and rapid alluviation related to climate change 
during the Holocene. They also emphasized the bias in the alluvial record via preservation 
effects, particularly in the under-recording of earlier sections and anthropogenic factors 
which enhanced sediment delivery later during the Holocene. The record of sedimentation 
preserved in palaeochannels is thought to be biased toward the later Holocene because of 
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selective reworking of the older material by more recent lateral channel migration (Lewin 
and Macklin, 2003). 
More recentl y, on a broader scale, Lewin et al. (2005) analysed 506 14C dated alluvial units 
from the UK including 130 palaeochannel fill s from anastomosing or meandering systems. 
This demonstrated that even when allowance is made for selective preservation of material 
from more recent deposits (older deposits in flood plains tend to be reworked), most dated 
sections in Britain date from after 5000BP. The factors involved in the ' forcing' of the 
underlying alluvial record are shown in Figure 9. 17. 
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Figure 9.17 Summary diagram of forcing factors affecting Holocene alluviation in UK. Summed 
probability at the top with flood periods identified by Macklin and lewin (2003). From lewin et al., 
2005. 
An analysis of those channels which show a change m sedimentation style or texture 
reveals that increased fluvial activity is focused during several discrete periods, notably 
8000-7000 cal BP, 5500-2000 cal BP and 1100 cal BP - present (Figure 9. 18). The 
sedimentation record at Aston on Trent falls mainly into the middle of these three periods, 
spanning 5300-1 500 cal BP and has been shown here to demonstrate changes in active 
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sedimentation in terms of the gravel horizon and differences between the two bio-zones. 
Taylor and Brewer (200 I) wam that variations occurring naturally in geomorphological 
factors between and within individual river systems preclude the use of grain size 
characteristics alone in evaluating alluvial response to envirorunental change but a reach 
scale interpretation may be possible. 
12000 10000 8000 6000 <1(100 
Calendar age in years BP 
Figure 9.18 Summed probability distribution plots for in channel sedimentation which records 
phases of sedimentological change (Lewin et al., 2005). 
There is a considerable amount of documented evidence of abrupt climatic variation in 
northwest Europe, with a change from relatively warm and continental , to oceanic at ca. 
2750-2450 cal BP (van Geel el al., 1996). A rise in the water table levels in raised bogs and 
fens is concurrent with the abandorunent of farming settlements in low lying areas. These 
changes have been particularly visible in regions known to be marginal from a hydrological 
perspective. Analysis of plant macrofossil remains in peat profi les from western Ireland 
and northern England, also related to bog surface wetness indicated changes to wetter 
conditions at 3200, 2750-2350 2250 and 700 cal BP (Barber el ai. , 2002). Other evidence 
of climatic change at thi s time is seen in glacier advances, avalanches, landslides and rising 
lake levels (van Geel el al. , 1996). Stratigraphic changes, reflecting increased surface 
wetness in northern Scottish blanket mires, are also noted to have occurred at ca. 2700 cal 
BP (Channan, 1995). Major highstands, dated at 2700- 2320 cal BP have also been noted 
in the Caspian Sea associated with minima in solar activity (Kroonenberg et ai., 2007). 
This range of dates is co-incident with the date for the base of the upper channel at Aston 
(2750-2460 cal BP) and may signify that the deposition of the gravel horizon at the base of 
the charulel was formed as the result of a major 'climatic' event occurring at this time. 
There has been much debate as to whether changes demonstrated within the floodplain 
sediments of the Trent valley reflect envirorunental variability or anthropogenic effects 
(Macklin el ai., 1992; Dinnin and Brashay, 1999). The appearance in River Trent sediments 
of complete oak tree trunks, beginning at around 4500 cal. BC, from locations 25km apart 
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(Colwick and Langford) suggests a synchronous effect across the floodplain (Howard, 
2005). Insect evidence (e.g. riffle beetles) from intact root boles contained in a log jam at 
Langford, suggests fast flowing water conditions and the undercutting of trees by natural 
processes, whilst other trunks here show evidence of hand-working (Howard et aI. , I 999b). 
An extended environmental sequence at Bole Ings, in the Lower Trent near Gainsborough 
further downstream from Aston on Trent, indicates considerable fl oodplain vegetational 
change, with a reduction in woodland and scrub associated with increased wetness rather 
than increased agricultural activity (DiIUlin and Brashay, 1999). Sediments at Girton, 
however, approximately 30km north of Nottingham (Howard et ai., 1999b) may indicate 
stable conditions persisted until the late Bronze Age, around 1000 cal BP. This may 
suggest that any anthropogenic effects of deforestation are locali sed. It has also been 
suggested that increased river acti vity may be associated with periods of climatic 
deterioration and that thi s effect is accentuated by Middle to Late Holocene anthropogenic 
effects (Smith and Howard , 2004). The evaluation of dated fluvial units across the whole of 
the UK has shown that increases in flood frequency and magnitude which notably occur at 
5000 cal BP and 3000 cal BP occur before the majority of forest clearance and hence 
indicate an underlying climatic control (Macklin et ai. , 2005). 
Other evidence for anthropogenic influence has involved the analysis of graIn Size 
parameters. In a study of palaeochannel sediments within the recent past in Wales, Taylor 
and Brewer (200 I ) showed that an increase in average grain size between 160 and 90 years 
BP in Welshpool palaeochannel infiIl was linked to a period of time coincident with 
extensive metal milling, land use change and increases in the frequency and magnitude of 
flooding. The increase in sand fraction in the upper part of Zone 2 in Monolith C occurs 
after 2460 cal BP and could possibly be attributed to anthropogenic influence. This effect, 
in association with more generalized deforestation, would have increased sediment input in 
the River Trent catchment. There is however, no concordant increase in the proportion of 
sand in the other three monoliths so a local effect such as a change in the local source of 
sedimentation is more likely. 
9.9 Comparison with the modern tapllOnomy 
The observation and analysis of the taphonomic distribution of Trichoptera within a 
modern channel of the River Soar brings the analysis of the palaeochannel material back to 
the principle ofUniformitarianism. It involves the consideration of the present depositional 
processes, which can then be used to interpret the past environment. The Trichoptera have 
been utili sed as representatives of the inchannel insect fauna in this respect but other 
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groups could also have been co llected. Previous studies have cons idered the Coleoptera 
(Smjth, 2000a) but not the Chironorojdae. The caddi sfl y fauna, dominated by the Fami ly 
Hydropsychidae, represented by thi s reach of the Ri ver Soar, is clearly rel ated main ly to a 
fl owing environment but the presence of a variety of microhabi tats such as backwater pools 
and vegetated sections, allowed samples and measurements to be taken at a range of 60% 
depth flow velocities from 0 to 1.1 m s - I . 
The level of comparability of the total numbers of taxa (17) in the li ve and taphonomic 
fragments for the Ri ver Soar modern taphonomic survey of Trichoptera (Figure 4.3) 
suggests that there is likely to be good representation of the modern fauna in a ri ver by the 
pa laeochannel subfossil fauna. Co mparison of the fa una l composition and distribution of 
trichopteran remains in the palaeochannel section with those in the modern Ri ver Soar 
indicate some similarities and differences. A comparison of the number of taxa found 
appears to demonstrate the integrating effects of time on the sample taken (Table 9.9) . The 
longer the sample has been accwnulating, the greater number of taxa contained with in it. 
Thi s may also refl ect that the palaeochannel sample of the Trent represents a longer reach 
of the ri ver and 0 f a larger order than that of the Soar. 
The modern faunal community in the River Soar di ffers from that of the palaeochannel in 
that there is no Brachycenlrus subnubilis population in the Soar, whereas it is the most 
common species in the Trent palaeochannel. Hydropsyche conlubernalis however, is 
common in both ri vers and percentages of the populati ons represented at each location and 
sample type are significantly di ffe rent (Table 9.9). 
Kick live Soar Soar Soar Palaeochannel 
sample boxes boxes Cores 
Number of Taxa 13 17 21 44 
Percentage of H. 64 56 69 29 27 to 33 
contubernalis 
Approx. time 3 mins 5 weeks 5 weeks 10 - 20 4000 to 4200 
interval (each) (each) (each) years years (total) 
represented (each) 
Table 9.9 A summary of the number of taxa represented in each sample type - River Soar and 
AOT palaeochannel. 
In the recent samples (Kick and sediment trap) H. contubernalis forms 56 to 69% of the 
population, whereas in the freeze-cores and palaeochannel samples thi s fall s to 27 to 33 %. 
The percentage fo r the freeze-cores is similar to that for the palaeochanne l monoliths. As 
there was a noted change in fauna with depth in the freeze-cores and in the palaeochannel 
sedjments thi s may inrucate that time averaging significantly reduces the abundances of 
taxa within the population, as represented by the preserved material. Extrapolating this to 
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the palaeochannel , at the point of deposition, the living population of Hydropsyche 
conlubernalis in the palaeochannel would therefore be likely to be much higher than those 
represented by the subfossil record. This may have implications for the calcu lation of the 
palaeoLIFE index which is currently based on the di stribution of modern fauna within a 
river. The low numbers of fauna generally found within palaeochannel samples « 100) 
result in most samples only reaching the first two abundance categories used in the 
calculation (1-9,10-99, 100-999, 1000-9999 and 10 000+). The categories shown in Table 
2.4 therefore may be too broad, and better representation of the sub fossil assemblage would 
be achieved by using smaller intervals, perhaps at base 4 power intervals instead of base 10 
as shown in Table 9.10. 
I , I II.IiI • • •• ~ I 
A B C D/E 
(1-4) (5-16) ( 17-64) (65-256, 
257+) 
I Rapid 9 10 /1 12 
11 Moderate/fast 8 9 10 II 
III Slow/s luggish 7 7 7 7 
IV Flowing/standing 6 5 4 , J 
V Standing 5 4 , 2 J 
VI Drought resistant 4 , 2 I J 
Table 9.10 LIFE group abundance categories modified for subfossil abundances. 
These values would be more representative of the numbers of sub fossil fragments found in 
a palaeochannel sample and therefore allow for the reduction in numbers between the li ve 
and subfossi l populations. 
The modem taphonomic study also shows a reduction in abundance and number of taxa 
with high benthic flow velocities (>0.65 m sec· I ). This can also be demonstrated within the 
palaeochannel monoliths. The gravel horizons within Monoliths A and C represent periods 
in the palaeochannel history when high flow can be demonstrated. Tbe maximum size of 
the gravel was measured as 3.2cm diameter in Monolith C. According to the flow 
velocity/particle size graph (Figure 5.19) the flow velocity required to transport and deposit 
this particle size as bed load is greater than 60 cm S·I (0.6 m S·I) . This is equivalent to the 
high flow benthic velocities of the River Soar. Reduced abundances and numbers of taxa 
can be demonstrated in both Monoliths A and C wben compared to the levels in Zone 1, i.e. 
beneatll them. This correspondence applies within Zone I and therefore suggests that tbe 
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lower channel is comparable to a modem flowing channel in terms of deposition of 
Trichoptera sclerites. This relationship does not hold for Zone 2 where there are generally 
much lower abundances and numbers of Trichoptera taxa present, despite zero or low flow 
velocities less than 20 cm S·I. This implies that Zone 2 or the upper channel does not 
conform to the model of a modern flowing channel and is therefore more likely to be cut 
off completely from the main channel. 
In the River Soar, organic carbon content (%LOI) was clearly demonstrated to be 
negatively correlated with flow velocity and discharge (Figure 4.24, 4.25). Tnis 
relationship can also be demonstrated for the palaeochannel sediments at Aston on Trent 
(Figure 9.7) showing the relationship between organic carbon and DCA Axis 1 (all taxa), 
representing flow, in both zones, and Figure 9.8 , where DCA Axis I is positively correlated 
with the modal particle size of the sand fraction (> I 25mm) in Zone 1. This also indicates 
the presence of flow in the lower palaeochannel (Zone I) and hence some comparability in 
inchannel conditions with the modern River Soar. 
9.10 Summary 
This chapter has presented the results of the multi proxy analysis of the palaeochannel at 
Aston on Trent and discussed the interpretation of the results in terms of a conceptual 
model for the palaeochannel development. The main findings can be summarized as 
follows: 
• Combined DCA analysis of tnree proxy groups together shows a strong 
environmental gradient associated with flow. 
• CCA analysis shows the most important environmental variable assoc iated with thi s 
gradient is organic carbon content. 
• There is positive Correlation between DCA Axis I with palaeoLIFE scores for 
subfossil coleopteran and tricbopteran remains. 
• There is good correlation between palaeoUFE scores for the Coleoptera and 
Trichoptera, which validates their use as indicators ofpalaeoflow velocities. 
• The palaeochannel section at Aston on Trent represents mUltiple pbases of 
palaeochannel activity with two infilled palaeochannel sections present. 
• The gravel horizon separating Monoliths A and C represents a hiatus of around 
1000 years (possibly present in D and E). 
• Connectivity to a flowing cbannel can be demonstrated in Channel I and the base of 
Channel 2 by means of faunal associations in Zone I and positive modal sand 
correlation. 
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• The lack of a direct connection to a flowing channel can be demonstrated in 
Channel 2 by means of faunal associations in Zone 2 and negative sand correlation 
together with the sand skewness of distribution. 
• A lateral shift in the position of the palaeochannel is demonstrated by means of the 
sequence depths and the position of the log boat. 
• The sediments at the base of Monolith A (Zone I) represent a phase of infilling of 
Channel 2, when some connecti vity to a flowing channel existed as they are 
younger than those of Monoliths C, 0 and E (Zone I ) but contemporary with the 
log boat. 
• There is evidence fo r increased channel activity within a recognized 'active' period 
(5300-1500BP) within the Briti sh fluvial sequence history outlined by Macklin el 
al., (2006) and specifically at 2750BP (van Geel el aI. , 1996). 
• There is little evidence of any anthropogenic acti vity affecting the sedimentation as 
the sequence is too localized to give a regional picture. 
• Compari son of the paJaeochannel trichopteran fauna with the modern River Soar 
taphonomic study shows comparability with Zone l (lower channel) in terms of 
faunal assemblage, organic carbon percentage and modal sand size. 
• Reduced numbers of taxa and abundances are found in both modern and 
palaeochannel sediments at higher flow velocities (>0.65 m s"). 
• Time averaging increases the number of taxa present in palaeochannel deposits but 
reduces overall abundance compared to the modern river channel. 
The fo llowing chapter will outline a summary of the study. 
262 
10 Summary and future research 
10.1 1 ntroduction 
This thesis has presented the results of an invertebrate, multi-proxy, fie ld-based 
investigation into the palaeoflow environments of a palaeochannel of the Ri ve r Trent in 
Derbyshire and a comparative modem taphonomic study of the Tri choptera of a 
comparable reach of the River Soar (Leicestershire). This chapter summarises the main 
findings based on the ori ginal aims underlying the thesis and concludes with suggestions 
fo r future research. 
10.2 Summary of thesis aims 
Ri ver floodplains provide a well preserved record of their physical and biological hi story 
(Brown, 1996). The River Trent has been described as very mobile and prone to avulsion, 
meandering and braiding during its Holocene hi story. The middle section of the ri ver 
contains the confluences of three tributaries, and as a result, the floodplain contains a large 
number of deserted channels and cut off pools (Large and Petts, 1996). These infilled 
channels preserve the fossilized remains of the fauna and fl ora of the 1l00dplain 
environment within fine grained sediments (G reenwood et al., 2006). 
The value of multi proxy investigations has been well established. The NERC TIGGER 
(Terrestrial Initiative in Global Geological Environmental Research) project has used a 
variety of biological and non-biological techniques to examine the U.K. cl imatic hi story 
over the last 2000 years (Barber et ai., 1999). The advantages of the multi proxy approach 
are the clear reinforcement of li nes of evidence from different environmental signals to 
prov ide a wider perspective. Insects, and particularly the Coleoptera, have long been 
utili sed as proxy indicators of palaeoenvironment and palaeotemperature (Elias, 1994). 
Trichoptera have been underutilised as palaeoenvironmental indicators but have recently 
been used as indicators both of temperature change (Greenwood et ai. , 2003) and flow 
environments (Greenwood et ai. , 2006) by adaptation of the LIFE methodology (Extence et 
al., 1997). Chironomidae have primarily been utilised as climatic indicators in lake 
environments but have also recently been investigated in lotic environments (Gandouin et 
al., 2005,2006). The combination of these three proxies in an aquatic environment had not 
been attempted before and required the development of a novel method for the extraction 
of al l three groups from the sediment samples invo lving mechanical di saggregation. 
Examination of the physical parameters in the sediments (organic carbon content, particle 
size) has added further information to the rnultiproxy approach, together with strati graphic 
and dating information. 
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The taphonomic study of the River Soar uses the Trichoptera as a model for the distribution 
of the insect sclerites in a modern, single thread, flowing channel. Although this is not 
immediately comparahle to that at Aston on Trent, in that it is not cut-off, it gives an 
indication of the relationship of the sclerites to the flow velocity within the river and their 
abundance and taxonomic diversity. This thesis has sought to examine the combined 
biological and non-biological evidence from both the present and the past, in establishing a 
comprehensive picture of the palaeoenvironment of the flood plain and development of the 
palaeochannels of the River Trent during the latter part of the 1-I010cene. 
J 0.3 Summary of results 
The study of modern Trichoptera of the River Soar has demonstrated that there is a good 
correlation between the numbers of live fauna and taxa found within the river sediments 
and the taphonomic fragments locally deposited within the river reach (Chapter 4). A 
combination of sampling methods using both kick sample and sediment traps was 
necessary in order to give a representative sample of the living fauna. The abundance and 
variance of both the live fauna and taphonomic fragments were linked to the benthic flow 
velocity and hoth exhibited a reduction at velocities > 0.65m sec·I(Section 4.3). Organic 
carbon content of the sediments in the boxes was found to be inversely related to river 
di scharge and sediment load (Section 4.5). A change in the faunal composition of the reach , 
in the past was demonstrated in the fauna contained within the freeze-cores (Section 4.3.4). 
The study of the palaeochannel materia! at Aston on Trent combines information derived 
from lithologica! and biological proxies. The overall stratigraphy and dating of the channel 
monoliths established their contemporaneity and dated the deposits within the range 5470 
to 1350 ca! BP (Section 5.6). Variations in the organic content of the sediments 
demonstrated higher macrophyte content above the gravel horizon in the profile, 
particularly in Monolith A (Section 5.3.5). Monoliths A and E were shown to have lower 
levels of organic carbon and plant macrophytes beneath the gravel in Zone 1 than 
Monoliths C and D. 
The faunal evidence from Aston suggests a consistent environmental picture. The 
Coleoptera and the Trichoptera both demonstrate clear changes in fauna! composition with 
time (Chapters 6 and 7). A sharp division into two zones can be seen in Monoliths A and C 
at the gravel horizon. This is less distinct in Monolith D and E. In Zone I below the gravel, 
there is a fauna associated with fast benthic flow velocities of at least 15cm S·I , typified by 
the F. Hydropsycbidae and F. Dryopidae (Edington and Hildrew, 1995; Degani et ai. , 
1993)(Sections 6.6 and 7.6). Zone 2 contains fauna associated with slow or still water 
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velocities such as F. Phryganeidae and F. Dytiscidae. Monolith D demonstrates the same 
change but has a less distinct boundary and Monolith E is largely characterised by fast 
flowing fauna throughout. These faunal changes are mirrored by the palaeoLlFE values for 
both groups although this is less distinct for the Coleoptera than the Trichoptera (Sections 
6.5 and 7.5). Ecological associations of the Chironomidae also show a di stinct change in 
fauna at the gravel horizon associated with flow and DCA analysis demonstrates an 
ecological gradient associated with flow in al l three groups, whi ch is inversely correlated 
with organic carbon (Section 8.8). 
J 0.4 Synthesis of results 
The combination of evidence tTom all three fauna l proxies and lithological variations 
suggest the presence of two distinct palaeochannel environments within the sequence, 
separated by the gravel horizon at A and C and probably present in D (Figure 9. 16). There 
is evidence that E remained in a single zone for most of it's infiIling. Sedimentation and 
faunal changes are minimal until the top 20cm of the sequence with little variation III 
PalaeoLl FE scores (7.4-7.6 for the Trichoptera and 6. 1 to 6.5 for the Coleoptera). 
The lower channel Zone ( I) in C and D, and E is typified by taxa associated with fast 
flowing water - Hydropsychidae, Dryopidae and Orthocladi inae, having high palaeoLlFE 
scores (7.5-8 .0 for Trichoptera, 6.6-7.0 for Coleoptera) (Section 9.6. 1). Sediments (modal 
sand size > 125f,lm) in Zone I are positively correlated with DCA Axis I (representing a 
flow gradien t) (Section 9.6.6). From the radiocarbon dates this infilling phase lasted from 
5470-5260 cal BP (Birmingham basal date) to at least 3560-3380 cal BP (Base of Monolith 
A) or at least 1700-2090 years (Section 9.6.4). During this period, sedimentation consisted 
mostly of silt and fine sand sized particles (mean particle size 61-1 08f,lm), suggesting that 
the channel was cut off tTom the flowing channel intermittently. It was at least partly 
flowing or connected to a flowing channel, because of the presence of the faunal 
assemblage associated with fast flow velocities and the low percentages of organic carbon 
present (5.68-9.88% LOI). This is comparable to tbe modem River Soar channel, where 
organic carbon content is inversely related to flow velocity (discharge) and sediment load 
(Section 9. 10). Particle size analysis suggests that Monolith E was closer to the active 
channel than A and hence nearer to the source of the sediment i.e. the main channel 
(Section 9.6.6). 
The upper Zone (2) in A, C and D and E is typified by fauna associated with lentic or 
slowly flowing water, such as the Phryganeidae, Dytiscidae and many of the Cbironomini 
such as the Genus Glyplolendipes (Section 9.6.1). The palaeoLIFE scores in this zone are 
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more typical ly 5.8-6.5 for Trichoptera and 5.6-5 .9 for the Coleoptera. Sediments (mean, 
median and modal sand size> 125mm) in Zone 2 are negati vely correlated with the DCA 
Axis I, representing flow and hence do not represent a direct flow signal but probably one 
of periodic flooding (Section 9.6.6). The lack of a flow signal in this zone suggests that this 
channel was completely cut off from the main channel and only filled by inundation during 
fl ood events. From the radiocarbon dates, this phase of infilling lasted from 2750-2460 cal 
BP to 1530-1 350 cal BP or at least 930- 1400 years (Section 5.6). 
Between the illfilling of the two palaeochannels there is a peri od of 950- 1450 years 
represented by the dates bracketing the gravel horizon. It is during thi s period that the date 
of the log boat found in the channel lies (3490-3360 and 3480-3350 cal BP). The log boat 
li es stratigraphically deeper than the base of Monolith A and is in a separate channel (2), 
cut i.nto, but laterally di splaced from, the first. The date of the log boat also falls within the 
range of dates fo r the base of Monolith A. Sedimentation at A and therefore the log boat 
must have occurred after the scouring out of the second channel and therefore Zone I of 
Monolith A represents an older fast flowing, i. e. connected phase of Channel 2 infilling. 
The gravel horizon represents a high energy event of flow velocities probabl y greater than 
0.65 m S· I . This is estimated by comparison with the lower abundance of Trichoptera and 
number of taxa in the modem Soar at these flow rates (Chapter 4) and the documented 
minimum fl ow requirements to entrain grave l of this size as bed load (All en, 1965). The 
gravel horizon is stratigraphicall y higher and younger than both the log boat and the base of 
Monolith A and represents a separate flood event after the cutting of Channel 2 (Figure 
9.16). This event may represent the avul sion of the main flow channel and hence the 
complete cut-off of Channel 2 from flow, as indicated by the fauna in Zone 2 (Section 9.7). 
The timing of this event is coincident with a period of increased channel activity as 
recorded in the British fluvial sequence history (Macklin et al., 2006). The date for the 
commencement of sedimentation above the gravel hori zon is al so coincident with a period 
of cl imate change at 2750 cal BP in Northern Europe as outlined by van Geel el al. , ( 1996). 
There is little evidence o f anthropogenic acti vity in the sedirnents at Aston on Trent as any 
apparent increase in particle size may reflect local effects such as sand bank erosion 
(Taylor and Brewer, 200 I). 
Evidence of lateral migration of the channel at thi s point is fo und from the presence of 
many palaeochannels mapped and laterally di splaced relative to the present course of the 
River Trent (Baker, 2003). Further evidence is obtained from the sketch maps of Or C. 
Salisbury (pers. comm.). The lower position of the log boat may also indicate lateral 
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movement of the channel with the deeper part further to the south than that represented by 
Monoliths A, C, D and E. 
10.5 Suggestions for further study 
This research has demonstrated the value of using a multiproxy approach in the 
investigation of past flow velocity regimes within palaeochannels of the River Trent. In 
order to achieve a greater regional significance, this research could be extended to 
incorporate larger scale studies both within the catchment and in differing catchment types. 
A catchment based approach would seek to find more palaeochannel sampling sites 
upstream or downstream of Aston on Trent, within the same ri ver system (Greenwood et 
aI., 2006), whereas an even larger scale approach could cover multiple catchments, 
incorporating changes in both catchment and river profile. This approach would achieve a 
better representation of the sedimentary environments within the catclunent and a larger 
dataset for analysis. 
Terrestrial environmental information from Coleoptera could be incorporated into the study 
and a greater range of information could therefore be utili sed relating to the surrounding 
riparian vegetation. This would relate the inchannel fawla to the broader floodplain 
environment. Investigation of plant macrophytes and seeds, which are often abundant in 
the palaeochannel sediments would allow corroboration of the terrestrial line of evidence 
and enable the instream vegetation to be considered as a factor influencing flow velocity. 
The methodology used in the palaeochannel study could easily lend itself to the extraction 
of a greater variety of biological proxies and Cladocera, ostracods, and mites were all noted 
as present in the sediments during extraction. Samples could also be processed for other 
biological indicators such as pollen, diatoms and Simuliidae (Black fly larvae: Diptera) to 
give indications of changing conditions within the channel and as indicators for the wider 
floodplain environment. The palaeoLIFE methodology has so far only included use of the 
Coleoptera and Trichoptera but there is clear scope for use of this methodology with the 
Chironomidae and possibly other groups such as the Simulidae (S. Brooks, pers. comm.). 
More Chironomidae could be included in the broad classification suggested by Gandouin et 
aI., (2005) based on literature used for identification and the DCA analysis used here and 
suggested classifications are shown in Table 10.1 . 
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Lentic Taxa Ubiquitous taxa Lotic taxa 
Ablabesmyia lohannsen Chironomus Zett. Brillia K. 
Cladopelma K. Clado/anylarsus K. Cric%pus v.d. W. 
Dicrotendipes K. Cryptochironomus K. Demicryptochironomus 
Lenz. 
Endochironomus K. Paralauterborniella Lenz. Euidef(eriella Th. 
Glyp/o/endipes K. Paratendipes K. Micropseclra K. 
Kiefierullus G. PolYjJedilum K. Nanocladius K. 
Limnophyes Eaton. Procladius Skuse. Orthocladius v.d. W. 
Micl'Olendipes K. Prodiamesa K. Paracladopelma Harnisch. 
Parachironomus WaLk. Paralrichocladius Sant A. 
Paralanylarsus Tbein and Rheocricotopus Thein and 
Bause. Harniscb. 
Phaenopseclra K. Synorlhocladius K . 
Pseclrocladius K. Tvelenia K. 
Tanylarsus K. 
Additional taxa 
Lentic Ubiquitous or terrestrial Lotic 
Ein(eldia dissidens K Stempellina Bause. Po/has/ia gaedii K. 
Pseudosmittia Goethebuer. Rheolanytarsus Bause. 
Chaetocladius K. Symposiocladius Cranston. 
Paraphaenocladius Thein. Theinemannimyia Fittkau. 
Phaenopsectra K Stictochironomus K. 
C see footnote) 
Table 10.1 Classification of Chironomidae after Gandouin et al., 2005 with additions by Howard, 
2007 (Note - Phaenopsectra has been moved from Lentic to Ubiquitous relative to Gandouin et al., 
2005). 
Tbefield study undertaken on tbe River Soar could be extended to include a broader range 
of flow conditions, including floods and therefore improve representation of the overall 
flow regime of the river. This would enable a more dynamic perspective of flow velocity 
variation to be achieved. The study could also be extended to include of a variety of reach 
types on the Soar itself, with different flow environments, thus broadening its 
comparabili ty to the River Trent. For regional comparabi lity, a range of river channels in a 
variety of regions with a range of discharges and geological catchments, such as cbalk 
streams, could be included, to make the results of the modern study more generally 
applicable across the UK. 
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It is also possible to broaden the range of insect groups under taphonomic study in modern 
rivers thus enabling greater understanding of the palaeocbannel sections. A study of the 
taphonomy of insects in a variety of cut off channels where fine sediment accumulates, 
would provide more taphonomic information on depositional processes such as 
biostratinomy and possibly degradation, and be more analogous to the palaeochannel 
sedimentary environment. 
Further investigation of the taponomic di stribution of insect sclerites or artificial analogues, 
could be carried out within a controlled flow environment, such as a flume. This would 
enable the characterisation and quantification of flow variables affecting sclerite 
distribution. Comparative study utili sing artificial analogue particles introduced in a 
controlled manner into a representative river reach, would enable any predictive models of 
deposition to be tested in situ. 
J 0.7 Conclusions 
This thesis has investigated the temporal and spatial di stribution of macro invertebrates in a 
palaeochannel of the River Trent and its palaeoenvironment, with particular reference to 
flow velocities. It has utili sed a multiproxy approach, incorporating three biological 
prox ies, the Insect Orders: Coleoptera, Trichoptera and Chironomidae, together with 
physical parameters (sediments and organic carbon) and information from AMS 
rad iocarbon dating and stratigraphy, in order to reconstruct an environmental flow velocity 
hi story. Further information from mapping and hi storical sources has enabled the 
development of a conceptual model for the palaeocbannel development within the 
floodplain of the River Trent, during the early Holocene. Field-based studies of the 
tTichopteran fauna of tbe contemporary River Soar have enabled useful comparisons to be 
made with the palaeochannel section and have enhanced the overall environmental 
interpretation of the palaeochannel fauna. 
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Appendix lA 
Appendix 1 
lA - Paraffin floatation method 
1. Weigh required amount of sample to 2 decimal places and place into plasti c bowl. 
2. Measure volume of sediment using measuring jugs, by vo lumetric di splacement of 
water. 
3. Wash sediment back into bowl with 4-6 litres of warm water. 
4. Add 20% by weight sodium hexametaphosphate (Calgon) and mix gently 
(approximately 20g). 
5. Leave overnight to soak. 
6. Using mechanical sieving apparatus with motor, place sample material in sieve and 
leave until disaggregated, add ing more material from bowl as necessary. 
7. Sieve sediment at 90j.!m under running tap water to remove fine fraction, placing 
resultant material in plastic bowl with as little water as possible. 
8. Allow sediment to settle and tip off excess water through 90j.!m sieve, retaining any 
material in the sieve. 
9. Add sufficient paraffin to cover sediment and mix gently for 5 minutes. 
10. Leave to soak for 10-1 5 minutes. 
11 . Tip excess paraffin back into plastic container through a glass-wool filter for 
recycling. 
12. Add tap water under pressure to sample to disperse paraffin and fragments of 
insects. 
13. Allow to settle for 30-60 minutes until sediment is no longer suspended. 
14. Tip off floating insect material gently through a 90j.!m sieve taking care not to 
disturb sediment on the bottom. 
J 5. Wash retained material in detergent until clean under gently fl owing water. 
16. Wash material from sieve into pencil labelled plastic containers with 70% IMS. 
17. Repeat from 12 to 16 to give 3 more floats, retaining material in the sieve and 
combining three floats in second labelled pot. 
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Appendix IB 
1 B Limncphilidac groups according to Hiley (1973) 
Taxonomy follows Barnard, 1985. 
GROUP A 
Allogamus auricollis (Piclet 1834) 
Apalania muliebris McLachlan, 1866 
Apalania wallengreni McLachlan, 1871 
Chaetopleryx vWosa (Fabricius, 1798) 
Drusus sp. Stephens 1837 
Ecclisopleryx gut/alata (P ictet, 1834) 
Halesus radialus (Curtis, 1834) 
Hales-us digilalus (Shrank 1781) 
Melamophylax mucoreus (Hagen 186 1) 
Hydatophylax infomatus (McLachlan, 1865) 
Microplerna sequax McLachlan 1875 
Microplerna lateralis (Slephens 1837) 
Slenophyiar: permistus McLachlan 1895 
Stenophylax vibex (Curtis 1834) 
Polamophylax lalipennis (Curti s 1834) 
POlamophylax rOlundipennis (Brauer, 1857) 
Potamophylax cingulatus (Stephens 1837) 
GROUPB 
Glyphotaelius pellucidus (Retzius, 1783) 
Limnephilus stigma Curtis, 1834 
Limnephilus polilus McLachlan, 1865 
Limnephillls jlavicornis (F., 1787) 
Limnephillls marmoralllS Curtis, 1834 
Limnephilus rhombicus (L., 1758) 
GROUPC 
Limnephilus decipiens (Kolenati, 1848) 
Limnephillls incislls Curtis, 1834 
Limnephilus jparsus Curtis, 1834 
Limnephilus luridus Curtis, 1834 
Limnephilus afJinis Curtis, 1834 
Limnephilus ignavus McLach1an, 1865 
Limnephilus eXlricallls McLachlan, 
1865 
Limnephilus lunatlls Curti s, 1834 
Limnephillls coenoslls Curti s, 1834 
Limnephillls !lIsicornis 
(Rambur, 1842) 
Limnephillls subcenlralis 
(Brauer, 1857) 
Limnephilus griseus (L. , 1758) 
Limnephilus bino/alus Curtis, 1834 
Limnephilus auricula Curtis, 1834 
Limnephilus borealis 
(Zetterstedt, 1840) 
Limnephilus cenlralis Curtis, 1834 
Limnephilus hirs!iCUS (Piclet, 1834) 
Limnephilus villatus (Fabricius, 1798) 
Limnephilus bipunctalus Curtis, 1834 
Limnephilus nigriceps 
(Zetterstedt, 1 840) 
Rhadicoleplus alpestris 
(Kolenati ,1848) 
Mesophylax impunclatus 
GROUP 0 
Anabolia nervosa (Curtis 1834) 
Grammolaulius nigropllnctalus 
(Retzius, 1783) 
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Holocenlropus picicornis Cyrnus jlavidus 
Oecelis lacuslris Lasciocephala basalis 
Chironomus anfhracinus type 
Ablabesmyia 
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Chironomlls sp. A 
Mocrope/opio 
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Chironomus plumosus type 
Pothastia gaedii 
Symposiocladius lignicola 
Cricotopus cylindraceus type 
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ID Aston on Trent Taxa list totals 
Table 1 List 0 fA elf At ~quatlc o eoptera rom son on T t · hT I b rh do/. f t I ren Wit ota s )y mono It an 00 to a . 
A C D E Total % ofTotal 
Haliplus spp. 5 5 3 13 1.00 
Acilius sp. 1 3 2 6 0.46 
Hydaticus transversalis 3 3 0.23 
Hyqrotus decoratus 1 1 0.08 
Hygrotus inequalis 3 3 0.23 
Hygrotus quinquelineatus 1 1 1 3 0.23 
Hygrotus versicolor 5 2 5 3 15 1.16 
Hyqrotus spp. 6 6 0.46 
Hydroporus palustris 2 2 4 0.31 
Hydroporus sp. 5 5 1 11 0.77 
Porhydrous lineatus 3 4 1 2 10 0.77 
Potamonectes depressus 
eleqans 1 3 4 4 12 0.93 
Stictotarsus duodecimpustulatus 1 1 2 0.15 
Agabus bipustulatus 7 6 3 16 1.23 
Platambus maculatus 1 1 0.08 
/lybius sp. 1 5 1 2 9 0.69 
Colymbetes fuscus 5 6 2 13 1.00 
Rhantus exsoletus 2 2 0.15 
Graptodytes pictus 2 1 3 0.23 
Graptodytes sp. 1 1 0.08 
Gyrinus sp. 2 5 1 8 0.62 
Hydraena gracilis 7 7 0.54 
Hydraena nigrita 1 1 0.08 
Hydraena palustris 6 2 2 10 0.77 
Hydraena riparia 1 3 2 6 0.46 
Hydraena spp. 21 16 11 15 63 4.86 
Hydraena testacea 1 2 2 1 6 0.46 
Ochthebius ct. minimus 159 114 42 30 345 26.62 
Limnebius sp. 2 10 2 3 17 1.31 
Hydrochus brevis 1 1 0.08 
Hydrochus carinatus 1 2 3 0.23 
Hydrochus elongatus 5 5 0.39 
Hydrochus spp. 9 9 0.69 
Helophorus spp. 54 109 38 31 232 17.90 
Coelostoma orbiculare 1 1 0.08 
Cercyon bifenestratus 3 2 1 6 0.46 
Cercyon marinatus 1 2 3 0.23 
Cercyon melanocephalus 1 5 1 7 0.54 
Cercyon pyqmaeus 1 1 0.08 
Cercyon terminatus 1 1 0.08 
Cercyon ustulatus 2 1 1 4 0.31 
Cercyon ct. tristis 1 1 0.08 
Cercyon sp. 9 20 8 4 41 3.16 
Megasternum 
boletophagum 4 1 5 0.39 
Hydrobius fuscipes 7 16 2 1 26 2.01 
Laccobius sp. 14 10 4 1 29 2.24 
Enochrus sp. 1 3 4 0.31 
Cymbiodyta margine/la 2 2 0.15 
Crvptop/eurum minutum 5 5 0.39 
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Table 1 cont. 
Hydrophilus piceus 3 3 0.23 
Sphaeridium scarabaeoides 1 1 0.08 
Helichus substriatus 1 1 0.08 
Dryops spp. 2 6 3 2 13 1.00 
Elmis aenea 2 3 2 7 0.54 
Esolus parallelepipedus 1 32 17 10 60 4.63 
Oulimnius spp. 17 90 36 43 186 14.35 
Limnius volkmari 1 1 1 3 0.23 
Riolus cupreus 1 1 0.08 
Riolus subvio/aceus 1 7 2 6 16 1.23 
Macronychus quadrituberculatus 5 1 6 0.46 
Normandia nitens 3 1 8 3 15 1.16 
Stenelmis canaliculata 1 1 0.08 
Total (M NI) 355 556 212 173 1296 
Total taxa 36 49 32 26 61 
Table 2 List of Trichoptera rom Aston on Trent with Tota s by monolith and % of total. 
A C D E Totals % of Total 
Rhyacophi/a dorsalis 1 1 0.05 
Glossosoma bo/toni 1 1 4 6 0.33 
G/ossosoma sp. 2 2 1 5 0.27 
Psychomyia pusilla 1 3 3 7 0.38 
TinodesIL~ sp. 1 1 2 4 0.22 
Cyrnus flavidus 14 14 7 4 39 2.12 
Cyrnus trimacu/atus 1 2 3 0.16 
Cyrnus sp. 1 1 2 1 5 0.27 
H%centropus dubius 12 5 3 20 1.09 
H% centropus picicornis 12 3 1 16 0.87 
Po/ycentropus flavomaculatus 2 1 2 5 0.27 
Cheumatopsyche lepida 4 64 15 23 106 5.75 
Hydropsyche contubernalis 30 144 132 156 462 25.05 
Hydropsyche pellucidula 6 36 13 14 69 3.74 
Hydropsyche sp. 1 1 2 4 0.22 
A.IJfYpnia ~etana 13 11 24 1.30 
Phryganea bipunctata 20 16 9 1 46 2.49 
PhryganealAgrypnia sp. 3 4 1 8 0.43 
Trichostegia minor 1 1 0.05 
Brachycentrus subnubilis 58 111 168 195 532 28.85 
LasiocejJlJa/a basalis 5 5 0.27 
LeJlidostoma hirtum 8 86 10 21 125 6.78 
Drusinae 1 1 0.05 
Halesus digitatus 1 1 0.05 
Halesus radiatus 1 7 1 9 0.49 
Halesussp. 1 1 2 0.11 
Chaetopteryx villosa 2 2 0.11 
Anabolia nervosa 4 7 4 7 22 1.19 
Glyphotaelius pellucidus 1 1 0.05 
Grammotaulius cl. nigropunctatus 1 1 0.05 
Grammotaulius sp. 5 4 1 1 11 0.60 
Limnephilus decipiens 4 3 1 8 0.43 
L. flavicornis 5 11 2 18 0.98 
L fusicornis 1 1 0.05 
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Table 2 cont. 
L ef. funatuslineisus 4 1 5 0.27 
L. rhombieus/marmoralus 2 4 6 0.33 
L stigma 4 6 3 13 0.70 
Limnephilid group C 4 7 1 1 13 0.70 
Limnephil viltatus type 21 21 7 49 2.66 
Limnephilid indel 7 22 8 8 45 2.44 
Goera pilosa 1 3 4 4 12 0.65 
Berea cf pullata 1 1 0.05 
Serieostoma personalum 1 8 3 3 15 0.81 
Molanna angustata 1 14 6 5 26 1.41 
Athripsodes albifrons 1 7 7 10 25 1.36 
Athripsodes aterrimus 5 10 1 1 17 0.92 
Athripsodes einereus 4 5 4 13 0.70 
Athripsodes sp. 2 1 1 4 0.22 
Ceraelea ef nigronervosa 1 3 6 5 15 0.81 
Triaenodes bieolor 8 5 13 0.70 
Oecetis laeustris 1 1 0.05 
Ithytrichia sp~ 1 1 0.05 
Total Trichoptera 263 668 434 479 1844 
Table 3 List of Chironomidae from Aston on Trent with % of total by monolith ~In abundance order). 
A% C% D% E% % of Total (av) 
Microtendipes 33.23471 30.79807 37.33195 33.64116 33.75 
Paratendipes albimanus 8.086785 10.23032 18.8211 14.24802 12.85 
Chironomus anthraeinus type 7.39645 5.356186 10.44467 18.99736 10.55 
Polypedilum nubeeulosum 7.790927 9.212641 4.963806 4.221636 6.55 
Glyptotendipes 9.763314 12.15854 0.206825 0.791557 5.73 
Chironomus total 6.68146 3.401178 3.85212 6.629288 5.14 
Chironomus spp. 10.15779 3.963578 2.37849 3.430079 4.98 
Chironomus plumosus type 4.536489 2.30316 2.585315 3.166227 3.15 
Tanytarsusjiallidieomis Jype 1.183432 2.999464 2.688728 2.638522 2.38 
Eukiefferiella filtkaui 0.295858 1.071237 6.825233 0.659631 2.21 
Phaenopseetra 1.380671 1.928227 2.37849 1.978892 1.92 
Chironomus sp A 4.635108 1.981789 0.923483 1.89 
Tanvtarsus mendax type 0.887574 1.499732 1.137539 2.638522 1.54 
Theinnemannvmia Group 0.591716 2.463846 2.068252 1.28 
Cricatopus cylindraceustype 1.183432 1.767542 0.41365 1.583113 1.24 
Dicrotendipes 1.084813 1.44617 0.103413 0.791557 0.86 
Procladius 1.282051 0.374933 1.137539 0.527704 0.83 
Rheatanvtarsus 0.394477 1.178361 0.41365 0.791557 0.69 
Cricatopus (lsocladius) 
intersectus 0.493097 0.321371 0.206825 1.71504 0.68 
Chironomini indet 0.591716 0.482057 0.723888 0.791557 0.65 
Pentaneurini indet 0.197239 2.37467 0.64 
Endachironomus 0.788955 1.178361 0.103413 0.52 
Tanytarsini indet 0.591716 0.642742 0.723888 0.49 
Potthastia gaedii 0.295858 0.428495 0.41365 0.527704 0.42 
C/adotanytarsus 0.788955 0.160686 0.103413 0.527704 0.40 
Cryptochironomus 0.394477 0.428495 0.206825 0.527704 0.39 
Tanvtarsus chinvensis type 0.197239 0.696304 0.103413 0.527704 0.38 
Micropseclra insignilabus 0.295858 0.589181 0.206825 0.27 
Paralanytarsus 0.394477 0.482057 0.206825 0.27 
Tanypodinae indet 0.197239 0.267809 0.206825 0.395778 0.27 
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Cricotopus trifascia 0.160686 0.827301 0.25 
Cryptotendipes 0.321371 0,41365 0.131926 0.22 
Po/ypedifum /I 0.197239 0,482057 0.103413 0.20 
Brillia modesta 0.098619 0.321371 0.206825 0.131926 0.19 
Einfeldia dissidens 0.517063 0.131926 0.16 
Stempellina 0.482057 0.12 
Parachironomus 0.053562 0.395778 0.11 
Eukiefferielfa devoniea 0.107124 0.206825 0.131926 0.11 
Pseudosmittia 0.197239 0.160686 0.09 
Ablabesmyia longislyla 0.321371 0.08 
Parac/adope/ma 0.197239 0.103413 0.08 
Synorthoc/adius 0.053562 0.103413 0.131926 0.07 
Prodiamesa 0.053562 0.206825 0.07 
Orthoc/adinae 0.107124 0.131926 0.06 
Slenochironomus 0.107124 0.131926 0.06 
Micropsectra bidentata 0.103413 0.131926 0.06 
Corynoneura 0.098619 0.131926 0.06 
Symposioc/adius 0.107124 0.03 
Paraphaenoc/adius 0103413 0.03 
Nifolhauma 0.098619 0.02 
Chaetoc/adius 0.053562 0.01 
Macro~e/opia 0.053562 0.01 
Paratanyt~rsus penicillatus type 0.053562 0.01 
Psectroc/adius 0.053562 0.01 
Sliclochironomus 0.053562 0.01 
Tanytarsus nemorosus 0.053562 0.01 
Pentaneurini indet 0.053562 0.01 
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2A Aston on Trent - Graphs of Particle size analysis 
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2B Palaeochannel Sediment data 
0 E 0 E E "- E 0 5 E "- E "- "C "-5 0 8 0 "- "C 0 "C U "- ~ ~ 0 "C ~ 0 0 0 0 'a 0 'c 'in ~ 00 ~ .~ 'in 00 ~ > ii >- ~ 0 00 0 'in 00 s= ~ 0 ~ e> 0 ~ .. 0 ~ .. ~ ~ 0. ~ 'in U ~ '6 "8 ~ '6 "8 C> 00 0 ~ ~ ~ ~ ~ 
ell 
'" '" '" '" '" 
:;; :;; :;; :;; :;; :;; x x 
• • 
AO-10 0.00 0.03 0.83 0.13 0.19 10.57 13.49 18.00 -0.80 
A10-20 0.00 0.02 0.86 0.11 0.29 13.50 18.03 34.58 -0 .95 
A20-30 0.00 0.02 0.88 0.11 0.41 13.04 17.17 28.70 -0.99 
A30-40 0.00 0.02 0.82 0.16 0.32 9.55 12.19 16.40 -0.72 
MO-50 0.00 0.02 0.83 0 .15 0.16 9.33 12.03 16.40 -0.81 
A50-60 0.00 0 .02 0.82 0.16 0.18 8.60 11 ,18 16.40 -0 .78 
A60-70 0.00 0 .04 0.76 0 .20 0.15 7.37 9.87 18.00 -0.65 
A70-80 0.31 0 .16 0.45 0.08 0.08 9.87 13.10 34 .58 435.40 496 .60 567.70 -0 .81 -3.40 
A80-90 0.30 0 .67 0.03 0.00 0.01 7.12 7.54 5.88 575.00 569.50 567.70 -0.54 0.06 
A90-100 0.00 0 .26 0.62 0.12 0.06 10.30 12.83 18.00 177 AD 204.60 203.50 -0.63 -3 .73 
A100-110 0.00 0 .23 0.58 0.19 0.07 6.35 7.83 16 .40 280.00 325.30 390.90 -0.49 -2.76 
CO-10 0.00 0 .25 0.65 0.10 0.10 10.43 11 .94 14 .94 343.90 399.10 429.20 -0 .66 -2.11 
C10-20 0.00 0 .40 0.51 0.09 0.10 8.53 10.55 16.40 274.90 372.30 429.20 -0.77 -2 .64 
C20-30 0.00 0 .35 0.56 0.08 0.09 10.21 12.32 16.40 359.30 387.50 429.20 -0.73 -3. 13 
C30-40 0.00 0 .32 0.59 0.09 0.09 10.34 12.65 16.40 358.40 384.70 390.90 -0.76 -3.63 
C40-50 0.00 0 .12 0.70 0.18 0.14 6.66 6.44 14.94 378.90 406.10 429.20 -0.61 -3 .36 
C50-60 0.00 0 .07 0.77 0.16 0.23 7.97 9.91 16.40 -0.68 
C60-70 0.00 0 .41 0.51 0.08 0.19 10.62 13.60 16.00 446.50 473.20 471 .10 -0.64 -4 .67 
C70-80 0.00 0 .62 0.32 0.06 0.12 9.74 12,44 16.40 523.50 541 .00 517.20 -0.74 -5.10 
C60-90 0.00 0 .36 0.56 0.07 0.19 12 .99 15.10 14 .94 566.60 607 .00 567.70 -0.66 -3.52 
C90-100 0.32 0.40 0.21 0.07 0.04 6.50 7.65 14.94 423.40 426.90 429.20 -0.40 -4 .06 
C100-110 0.00 0 .31 0.59 0.10 0.06 9.66 11 .72 16.40 470.10 592.50 623.30 -0 .66 -3.73 
C110-120 0.00 0 .31 0.60 0.09 0.07 10.46 12.68 18.00 275.40 284.30 245.20 -0 .78 -1.74 
C120-130 0.00 0 .10 0.76 0.14 0.12 9.47 12 .19 16.40 148.60 197.60 165.40 -0 .76 -1.58 
C130-140 0.00 0 .20 0.69 0.11 0.11 9.20 12.10 18.00 144.80 207.60 223.40 -0.94 -1.58 
C140-150 0.00 0 .23 0.66 0.11 0.13 9.80 12.00 16.40 213.30 254.10 269.20 -0 .74 -1 .99 
C150-160 0.00 0 .27 0.63 0.10 0.11 10.41 12.97 16.40 184.50 236.50 269.20 -0.78 -2 .53 
C160-170 0.00 0 .22 0.69 0.09 0.12 12.73 15.80 18 .00 196.00 232.90 245.20 -0 .82 -3.62 
C170-180 0.00 0 .11 0.77 0.12 0.12 12.95 17.35 55.13 206.60 234 .90 223.40 -0 .82 -1.89 
DO-10 0.00 0 .04 0.79 0.16 0.07 8.56 10.69 16.40 264.30 302 .60 390.90 -0 .67 -2 .07 
D10-20 0.00 0 .07 0.83 0.10 0.13 12.97 16.36 31 .50 117.60 166.50 168.90 -0.87 -1 .28 
020-30 0.00 0.06 0.61 0.13 0.13 8.94 11 .08 16.40 152.40 200.00 185.40 -0.77 -1.38 
030-40 0.00 0.06 0.81 0.13 0.12 9.33 11 .49 16.40 200.60 246.50 185.40 -0.76 -1.84 
040-50 0.00 0.32 0.57 0.12 0.13 7 .44 9.37 16.40 238.60 271.40 324.40 -0.73 -3.48 
050-60 0.00 0.15 0.71 0.14 0.13 9.07 11 .93 16.40 133.20 249.90 517.20 -0 .75 -1.67 
060-70 0.00 0.34 0.54 0.11 0.09 9.59 12.11 16.40 314.20 330.30 203.50 -0.64 -2 .26 
070-80 0.00 0.36 0.56 0.06 0.09 12.75 15.60 34.58 297.40 300.10 203.50 -0.73 -2 .41 
080-90 0.00 0.31 0.59 0.10 0.10 10.66 13.64 37.97 182.00 201.70 203.50 -0.70 -4 .78 
090-100 0.00 0.33 0.54 0.12 0.10 6.33 10.24 14.94 271.40 270.60 245.20 -0.60 -2.39 
0100-110 0.00 0.56 0.36 0.08 0.09 8.06 9.43 14 .94 286.60 311.80 324.40 -0.52 -6 .60 
EO-10 0.00 0.08 0.80 0.11 0.12 11.43 14.49 26.14 146.40 203.00 185.40 -0 .89 -1 .54 
E10-20 0.00 0.11 0.79 0.10 0.11 12.37 15.32 18.00 240.10 281.00 203.50 -0.62 -1 .60 
E20-30 0.00 0,41 0.51 0.09 0.04 11 .58 14.91 31 .50 229.10 244.20 223.40 -0 .74 -2.43 
E30-40 0.00 0.68 0.28 0.04 0.04 11 .75 13.81 14.94 206.70 237.70 245.20 -0.73 -3.82 
E40-50 0.00 0.38 0.55 0.07 0.05 14.27 18.79 66.44 243.50 249.40 223.40 -0.79 -2 .50 
E50-60 0.00 0.52 0.41 0.08 0.04 9.60 11.40 16.40 206.10 244.10 269.20 -0.62 -4 .10 
E60-70 0.00 0.46 0.44 0.06 0.06 10.00 11.65 16.40 247.80 248.20 245.20 -0.56 -2.53 
E70-80 0.00 0.44 0.48 0.08 0.06 10.44 12.36 16.40 235.10 262 .70 269.20 -0.64 -5.31 
E80-90 0.00 0.25 0.63 0.12 0.11 8.92 10.98 16.40 221 .10 260.90 295.50 -0.67 -4 .42 
Table 2B Measured data from sediment parlicle size analysIs and LOT va lues of 
palaeochannel material, Monoliths A, C, 0 and E, used in PCA analysis in Chapter 4. 
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Appendix 3 
Totals from River Soar Study (Trichoptera) 
3A Flow Data 
B=box/trap sample, K= kick sample, S=slow, M=mel/ium, F=fastfiolV positioll, J=West 
ballk, 2=East ballk 
FI It J oWla .a 1/IIIIa rv - A '1 lprl 
Field Data 31-Jan-05 pH 6.3 cond 852},lS T = 6.SoC 
Depth in cm Benthie 1 Benthie 2 Benthic 3 Av Benthic O.6xO 1 0 .6,D 2 O.6xO 3 Av O.6xD 
SS1 26 .000 0 .027 0 .036 0.040 0.034 0 .045 0 .017 0.011 0.024 
BM1 26.0DD 0.33D 0.362 0.402 0 .371 0.460 0 .510 0.500 0.497 
BF1 47 .000 0.490 0.490 0.460 0.467 0 .750 0.730 0.760 0.747 
BS2 41 .000 0 .060 0 .076 0.076 0 .077 0 .060 0 .066 0.062 0 .083 
BM2 49 .000 0 .363 0 .302 0.319 0 .326 0 .440 0.460 0.440 0.447 
BF2 54.00D 0,470 0.478 D.52D 0 .469 0 .610 0 .63D D.650 D.630 
KS1 40.000 0.292 0.264 0.241 0.266 0.400 0.396 0.400 0.399 
KM1 51.000 0.294 0.310 0.354 0 .319 0 .780 0.800 0 .790 0.790 
KF1 78.000 0.382 0.410 0.460 0.417 0 .920 0 .950 0.990 0 .953 
KS2 49.DOD D.118 0.118 D.117 0 .11 8 0 .192 0 .207 0 .171 0.190 
KM2 56.000 0.352 0.400 0 .370 0 .374 0 .730 0 .760 0.710 0 .733 
KF2 76 .000 0.560 0.570 0.560 0 .563 1.000 1.020 0.960 1.000 
Field Oata 7-Mar-05 pH 8.2 cond 826}lS T - 4 .6°C 
Depth in cm Benthic 1 Benthie 2 Benthic 3 Av Benthic O.6xD 1 O.6xO 2 0 .6,D 3 Av O.6xO 
SS1 22 .000 0.017 0 .01 9 0.01 9 0.018 0 .011 0 .014 0.015 0.013 
BM1 30.000 0.318 0 .325 0.346 0.330 0.540 0 .570 0.540 0 .550 
BF1 44.000 0.364 0.374 0 .360 0.366 0.800 0 .630 0 .790 0.607 
BS2 40.000 0.061 0.060 0.059 0.060 0.086 0 .11 1 0.111 0 .103 
BM2 48.000 0.256 0.325 0 .265 0.282 0 .510 0.460 0.520 0.497 
BF2 52.000 0. 105 0.094 0 .11 5 0 .105 0 .380 0 .360 0.362 0.367 
KS1 59.000 0.004 0.006 0 .003 0 .004 0 .015 0.016 0.012 0.014 
KM1 40.000 0.280 0.259 0.251 0.263 0.326 0 .369 0.358 0.351 
KF1 46.000 0.218 0.215 0.207 0 .213 0 .620 0 .600 0.640 0 .620 
KS2 41.000 0 .025 0.025 0.010 0.020 0 .045 0 .057 0.034 0 .045 
KM2 28.000 0.450 0.480 0.41 0 0.447 0.560 0 .540 0.580 0 .560 
KF2 32.000 0.355 0.358 0.337 0.350 0.640 0 .620 0.560 0 .613 
Field Data 4-Apr-05 pH 7.9 cond 933J,lS T= 11 .SoC 
Depth in cm Benthie 1 Benthie 2 Benthie 3 Av Benthic O.6xO 1 O.6xO 2 O.6xD 3 Av O.6xO 
BS1 8.500 0.011 0.021 0 .009 0.014 0.014 0 .010 0.014 0.013 
BM1 12.000 0.168 0. 164 0.146 0.159 0 .229 0.230 0.229 0.229 
BF1 30.000 0.460 0 .430 0.490 0.460 0 .790 0.81 0 0.750 0.783 
BS2 24 .000 0.136 0.138 0.142 0.139 0.175 0.170 0 .199 0 .181 
BM2 38.000 0. 192 0.142 0 .132 0.155 0.325 0.353 0 .342 0 .340 
BF2 32.000 0.500 0.490 0 .510 0.500 0.520 0 .500 0 .550 0.523 
KS1 45.000 0.067 0.092 0 .101 0.093 0.138 0 .118 0 .154 0 .137 
KM1 60.000 0.292 0.300 D.313 0.302 D.450 0.400 0.400 0.417 
KF1 62.000 0 .330 0 .327 0 .368 0.342 0.600 0.570 0.630 0.600 
KS2 48.000 0 .101 0.114 0 .103 0.106 0.189 0.208 0.171 0.189 
KM2 66.000 0.222 0 .246 0.178 0.215 0.398 0.390 0.365 0 .391 
KF2 80.000 0,467 0.440 0 .470 D.466 D.650 D.660 0.710 0.673 
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Append ix 3A 
Flow data May - July 
B=box/trap sample, K= kick sample, S=slow, M=medium, F=:fastflow position, l =West 
bank, 2=East bank 
Field Data 1Q-May-05 pH 8.1 cond 899}.1S T - 13.4 QC New Box Positions 
Depth in cm Benthie 1 Ben/hie 2 Benthic 3 Av Benthic O.6xO 1 Q,6xD 2 O.6xO 3 Av O.6xO 
BS 1 40.000 0.020 0,019 0.016 0.01 8 0.006 0.004 0.004 0.005 
BM1 38.000 0,086 0 .OB1 0.076 0.081 0.111 0.122 0.121 0.118 
BF1 48.000 0.148 0.182 0.189 0.173 0,275 0.27 1 0.275 0.274 
BS2 26.000 0.092 0 .099 0.102 0 .098 0.116 0.116 0.115 0.116 
BM2 27.000 0.121 0.139 0.139 0.133 0.157 0.157 0.158 0.157 
BF2 42 ,000 0.141 0.154 0.162 0.152 0 .341 0.341 0.333 0.338 
KS1 37.0 00 0.025 0.025 0.030 0.027 0.038 0.048 0.050 0.045 
KM1 22.000 0.050 0.050 0.058 0.053 0.157 0.165 0 .160 0 .161 
KF 1 40.000 0 .134 0.129 0.142 0.135 0.380 0.361 0.380 0.374 
KS2 40.000 0.037 0 .035 0.030 0.034 0.045 0.042 0.046 0.044 
KM 2 24.000 0.058 0 ,061 0.052 0.057 0 .155 0.162 0.160 0,159 
KF2 45.000 0.144 0.139 0.140 0.141 0.400 0.420 0.391 0.4 04 
Fie ld Data 14-Ju n-05 pH 8.0 cond 938/!S T = 15.2QC New Box Positions 
Depth in cm Benthie 1 Benthie 2 Benthic 3 Av Benthic 0.6xO 1 0 .6xO 2 0 .6xD 3 Av O,BxO 
BS1 52.000 0.021 0.023 0.023 0.022 0.064 0.062 0.070 0.065 
BM1 44. 000 0.029 0.036 0.04 2 0.036 0.280 0.296 0.284 0 .287 
8F 1 52.000 0.237 0.261 0.252 0.250 0.450 0.440 0.450 0.447 
BS2 28.000 0 .104 0.110 0.134 0.11 6 0.062 0.065 0.063 0.063 
BM2 30.000 0.210 0.210 0.211 0.2 10 0.3 16 0.318 0.3 18 0 .317 
8F2 50 .000 0.064 0.064 0.066 0.065 0.500 0.469 0.560 0 .510 
KS1 24 .000 0 .065 0.073 0.069 0.OB9 0.187 0.178 0.189 0.185 
KM1 75 .000 0.116 0.102 0.11 5 0.111 0.211 0.227 0.203 0.214 
KF' 34 0.430 0.430 0.396 0.419 0.600 0.580 0.570 0 .583 
KS2 30 .000 0.023 0.034 0.029 0 .029 0.041 0.046 0.028 0.038 
KM2 76.000 0.063 0.052 0 .060 0.058 0.224 0.221 0.209 0.2 18 
KF2 32.000 0.045 0.Q25 0.026 0.032 0.400 0.410 0 .436 0 .41 5 
Field Data 14-Jul-05 pH 7 .8 cond 1 165~S T = 22.8°C New Box P osilions 
De pth in cm Benthie 1 Benthic 2 Be nthie 3 All 8 e nthic O.6xD 1 0.6xO 2 0.6)(03 All 0.6xO 
BS1 60.000 0.010 0.010 0.011 0.010 0.009 0 .010 0 .00 5 0 .008 
BM' 52.000 0.123 0.135 0.147 0.135 0 .086 0.091 0 .095 0.091 
BF1 56.000 0.273 0.320 0.322 0.305 0.480 0.470 0.490 0.480 
BS2 34 .000 0.229 0.232 0.224 0.228 0.235 0.236 0 .224 0.232 
BM2 40 .000 0.097 0.094 0.095 0.095 0 .137 0 .137 0 . 137 0.137 
BF2 58.000 0.011 0.0 10 0 .014 0.0 12 0 .560 0.560 0.570 0.563 
KS' 62 .000 0.007 0.005 0.002 0.005 0.004 0.005 0 .002 0 .004 
KM1 68 .000 0.018 0.021 0.022 0.020 0.198 0.230 0 .190 0 .206 
KF1 80 0.01 1 0.0 11 0 .011 0.011 0 .241 0.267 0.290 0.266 
KS2 80.000 0.002 0.005 0.002 0.003 0.009 0.01 1 0.013 0.011 
KM2 72.000 0.064 0.069 O.OSO 0.064 0.138 0.137 0 .146 0 .140 
KF2 70.000 0.142 0. 122 0. 135 0.133 0.388 0 .379 0 .380 0 .382 
Fie ld Data 17-Aug-05 pH 7.7 cond 880~S T - 18.9QC New Box Positions 
De pth in cm Benthic 1 Be nthic 2 Benthic 3 All Benth ic 0 .6xD 1 0.6xO 2 0.6xO 3 Av O.6xD 
BS, 58.000 0.015 0.0 16 0.016 0.016 0 .011 0 .011 0.0 11 0 .0 11 
BM, 52 .000 0. 154 0. 175 0.166 0.165 0.243 0.234 0.228 0.235 
BF, 60.000 0.264 0.272 0.287 0.274 0.450 0.480 0.·470 0.467 
BS2 4 0.000 0.168 0.173 0.149 0.163 0 .292 0 .335 0.289 0 .305 
BM2 42.000 0.031 0.032 0 .033 0.032 0 .182 0.185 0.183 0.183 
SF2 60.000 0.01 0 0.028 0.048 0.029 0.540 0.530 0.510 0.527 
KS1 38.000 0.01 4 0.0 15 0.017 0.015 0.002 0.004 0.0 04 0 .003 
KM1 54.000 0.174 0.165 0 .163 0.167 0 .372 0 .370 0.361 0.368 
KF1 68 0.130 0.104 0.121 0.11 8 0.500 0.490 0.5 10 0.500 
KS2 58.000 0.057 0.095 0.046 0.066 0.011 0.015 0.0 21 0 .016 
KM2 54.000 0.055 0.044 0.064 0.054 0.275 0 .281 0.266 0.274 
KF2 72.000 0.280 0 .279 0.231 0.263 0.480 0.490 0.4 90 0.487 
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Append ix 38 
38 Tap/lOllomicjragmellts jrom traps 
Taphonomy totals February 
S= slow flow, M=medium flow, F=fast flow (box/trap positions), 1=West, 2=East 
~ .0 " 
~ ~ " ~ .Q " ~ .Q " 
~ .0 
" 
~ .0 
;;; ;;; ~ N N N N N N N N Taphonomy tota ls 7/312()()5 VJ ::;; ::;; ::;; u.. u. u.. 
'" '" '" 
::;; ::;; ::;; u.. u.. 
Hydropti/a sp. 1 
Tinodes waeneri 1 1 1 1 
Cymus fJavidus 
Cymus trimaculatus 1 
Neurec/epsis bimaculata 
Po/ycentropus flavomacu/atus 1 1 
Polycenlropodidae indet. 1 
Hydropsyche angustipennis 
H. contubernalis 2 1 1 2 7 1 4 5 8 2 2 1 2 2 
H. pe/fucidula 1 1 1 1 1 3 1 2 1 
HyrJropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 1 1 
Lepidostoma hirtum 
Halesus radiatus 
Potamophyfax fatipennis 
Anabolia nervosa 
Umnephilus decipiens 
Limnephifus fusicomis 
Limnephilus rhombicus 
Limnephifus stigma 1 
limnephilidae indet 
Goera pi/asa 
Sericostoma personatum 
Mo/anna angustata 2 1 
Athripsodes slbifrons 
Athripsodes aterrimus 
Athripsodes cf. bilineatus 
Athripsodes cinereus 
Alhripsodes sp. 
Cerac/ea disimifis 
CeracJea nigronervosa 
Ceraclea senilis 1 
Ceraclea sp. 
Mystacides azurea 
Mystacldes /ongicomis 1 
Leptoceridae 
Hydropsyche pronota 7 3 4 1 1 2 8 4 13 2 4 4 2 4 
Hydropsyche misc. 5 6 6 3 1 1 17 15 33 1 7 11 1 7 
inodes pronota 1 1 1 1 3 1 1 
Other pronota 2 3 1 3 1 1 3 4 1 2 
Other misc 
" N u.. 
1 
1 
1 
1 
2 
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Appendix 38 
Taphonomy totals March 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) l =Wcst, 2=East 
~ .0 ;'. ~ .c ;'. ~ .c ;'. ~ .c u '" .c u ~ .c " T aphonomy totals 4/ 4/2005 - - u: N N N N N N N N N en en en :;; :;; :;; "- "- en en en :;; :;; :;; "- "- "-
Hydroplifa sp. 1 4 1 1 
Tinodes waeneri 
Cymus flavidus 
Cymus trimaculatus 
Neureclepsis bimacu/ata 
Polycentropus flavomaculatus 1 
Polycentropodidae indet. 1 1 
Hydropsyche angustipennis 1 
H. contubemalis 3 5 3 1 2 4 2 1 1 1 1 
H. pellucidufa 3 1 2 
Hydropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Halesus radiatus 
Potamophylax latipennis 
Anabolia nervosa 
Umnephilus decipiens 
Umnephilus fusicomis 
Umnephilus mombicus 
Limnephilus stigma 
Umnephilidae indet 
Goera pi/asa 
Sericostoma personatum 
Mo/anna angustata 
Athripsodes albifrons 
Athripsodes aterrimus 
Athripsodes cf. bilineatus 
Athripsodes cinereus 
Athripsodes sp. 
Ceraclea disimifis 
Cerac/ea nigronervosa 1 
CeracJea senilis 
Ceraclea sp. 
Myst8cides azureB 
Mystacides Iongicomis 1 
Leptoceridae 
Hydropsyche pronota 2 11 7 9 4 9 2 6 3 3 5 3 4 2 3 
Hydropsyche mise. 2 9 8 9 9 4 3 3 15 7 16 7 1 5 3 11 
inodes pronota 1 1 1 2 1 1 
Other pro nota 1 1 1 1 1 
Othermisc 
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Appendix 3B 
Taphonomy totals April 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) l=West, 2=East 
~ D ~ ~ D ~ ~ D U ~ D U ~ D " ~ D " T aphonomy totals 1 / 512005 ~ ~ ~ N N N N N N N N N VJ VJ VJ :;; :;; :;; "'- "'- "'- VJ VJ VJ :;; :;; :;; "'- "'- "'-
Hydroptita sp. 
Tinodes waeneri 1 1 1 
Cymus flav;du5 
Cymus trimacu/atus 
Neureclepsis bimaculata 
Po/ycentropus flavomaculatus 1 1 1 
Polycentropodidae indet. 
Hydropsyche angustipennis 1 1 1 1 
H. contubema/is 4 6 1 7 6 4 9 3 7 6 5 11 1 5 2 6 5 5 
H. pellucidu/a 1 3 1 3 2 1 2 1 1 1 3 1 
Hydropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 1 
Lepidostoma hirtum 
HaJesus radiatus 
Potamophylax Jatipennis 
Anabolia nervosa 
Limnephilus decipiens 1 
Umnephilus fusicomis 
Umnephilus rhombicus 
Limnephifus stigma 
limnephilidae indet 
Goera pi/osa 
Sericostoma personatum 
Mo/anna angustata 2 1 1 
Athripsodes albifrons 
Athripsodes aterrimus 
Athripsodes ef. bilineatus 
Athn'psodes cinereus 
Athnpsodes sp. 
Cerac/ea disimilis 
Cerac/ea nigronervosa 
Ceraclea senilis 
Ceraclea sp. 
Mystacides azurea 
Mystacides longicomis 1 
Leptoceridae 
Hydropsyche pronot. 6 7 3 9 6 7 15 11 6 4 1 17 12 5 5 14 14 1 
Hydropsyche misc. 5 13 15 2 19 2 19 19 25 2 17 46 6 22 13 26 17 26 
inodes pronota 1 1 1 1 2 2 1 
Other pronota 2 1 1 1 1 3 1 2 2 1 
Other misc 
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Appendix 3B 
Taphonomy totals May 
S= slow flow, M=mcdium flow, F=fast flow (box/trap positions) ]=West, 2=East 
~ JO U ~ JO U ~ JO 
" 
~ JO 
" 
~ JO 
" 
~ JO 
" Taphonomy totals 14/612005 ;;; - - - u: N N N N N N N N N VJ VJ ;;;; ;;;; ;;;; u. u. V> V> V> ;;;; ;;;; ;;;; u. u. u. 
Hydroplila sp. 
Tinodes waeneri 1 1 1 2 
Cymlls fJavjdus 
Cymus trimaculatus 
Neureclepsis bimaculata 
Polycentropus flavomaculatus 
Polycenlropodidae indet. 1 
Hydropsyche angustipennis 1 1 1 
H. contubernalis 8 7 5 7 9 3 31 29 33 5 11 6 4 5 1 9 13 22 
H. pellucidula 1 1 3 1 1 1 1 3 1 1 2 7 6 
Hydropsyche sp. 2 3 1 1 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Halesus radiatus 
Potamophylax latipennis 
Anabo/ia nervosa 
Limnephilus decipiens 
Umnephi/us fusicomis 
Limnephilus rhombicus 
Limnephifus stigma 
limnephilidae indet 
Goera pi/asa 
Sericostoma personatum 
Mo/anna angustafa 1 
Athripsodes albifrons 
Athripsodes aterrimus 
Athnpsodes et. bifineatus 
Athn'psodes cinereus 
Athripsodes sp. 
Cerac{ea disimiHs 
Ceraclea nigronervosa 
Ceraclea senilis 2 
Ceraclea sp. 
Mystacides azurea 
Mystacides longicomis 1 1 1 
leptoceridae 
Hydropsyehe pronota 18 21 12 22 13 11 47 38 62 6 18 24 7 15 22 17 23 34 
Hydropsyehe mise. 25 3 24 29 33 12 61 92 103 16 42 46 14 23 39 27 53 66 
linodes pronota 1 3 1 1 1 3 2 2 4 2 2 2 
Other pronota 1 2 1 1 1 1 2 2 2 
Other mise 
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Appendix 38 
Taphonomy totals June 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) l=West, 2=East 
'" 
-" 
" '" 
-" ~ 
'" 
-" := '" -" " '" -" " '" -" " Taphonomy totals 14/7/2005 C;; ~ ~ u: N N N N N N N N N <JJ <JJ ::;; ::;; ::;; "- "- <JJ en <JJ ::;; ::;; ::;; "- "- "-
Hydropti/a sp. 1 1 
Tinodes waeneri 3 1 1 1 1 5 1 5 2 1 2 1 7 
Cymus flavidus 
Cymus trimacu/atus 
Neurec{epsis bimaculata 
Polycentropus flavomaculatus 1 2 1 3 5 3 1 4 5 3 8 1 4 2 8 1 
Polycenlropodidae indet. 2 2 1 
Hydropsyche angustipennis 1 1 1 2 1 1 
H. contubemalis 25 3 37 64 52 48 56 6 63 29 58 48 14 27 58 62 53 47 
H. pelfucidula 3 7 3 8 3 8 5 9 6 11 4 7 4 7 11 8 1 4 
Hydropsyche sp. 7 12 11 4 2 1 6 8 12 3 3 
Phryganea grandis 
PhryganealAgl}'pnia sp. 1 
Lepidostoma hirtum 
Hafesus radiatus 
Potamophylax latipennis 
Anabolia nervosa 
Limnephilus decipiens 
Limnephilus fusicomis 
Limnephilus rhombicus 
Umnephifus stigma 
Limnephilidae indet 
Goera pi/asa 1 1 
Sericostoma personatum 
Mo/anna angustata 2 1 1 5 1 1 1 
Athripsodes a/bifrons 
Athripsodes aterrimus 
Athripsodes et. bilineatus 
Athripsodes cinereus 
Athripsodes sp. 
Ceraclea disimilis 
Ceraclea nigronervosa 
Ceracfea senilis 1 1 1 
Carae/ea sp. 
Mystacides azurea 1 1 1 1 1 1 
Mystacides longicomis 2 2 3 1 1 1 1 1 1 2 1 2 
Leptoceridae 1 4 8 1 6 3 3 3 3 2 5 5 4 6 
Hydropsyehe pronota 41 46 51 69 61 56 72 78 64 52 42 46 25 5 72 76 78 64 
Hydropsyehe mise. 67 62 59 113 76 73 81 1 5 1 7 71 137 118 41 73 11 166 153 103 
tTinodes pronota 1 2 2 3 2 1 2 4 1 3 6 4 2 3 3 1 1 
Other pronota 2 5 1 2 1 2 3 1 
Other mise 
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Appendix 3B 
Taphonomy totals July 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) l=West, 2=East 
:" .0 ~ :" .0 ~ ;'! .0 ~ .. .0 U .. .0 U .. .0 U T aphonomy totals 1718/2005 - - c;: N N N N N N N N N en (f) (f) ::; ::; ::; u.. u.. (f) (f) (f) ::; ::; ::; u.. u.. u.. 
Hydroptila sp. 1 3 6 2 1 1 1 
Tinodes w8eneri 3 1 1 2 3 3 1 
Cymus flavidus 
Cymus trimaculatus 
Neureclepsis bimaculata 
Polycentropus flavomaculatus 1 1 1 1 3 1 2 1 1 3 2 1 2 
Polycentropodidae indet. 1 
Hydropsyche angustipennis 1 1 1 1 1 1 
H. contubemafis 16 21 7 53 69 54 58 57 62 23 17 16 8 44 9 49 34 
H. pellucidula 2 2 4 9 7 14 13 17 12 7 4 18 14 2 8 9 
Hydropsyche sp. 1 2 3 12 3 5 5 2 3 1 2 1 4 
Phryganea grandis 
PhryganeaJAgrypnia sp. 
Lepidostoma hirlum 
Halesus radiatus 
Potamophylax lalipennis 
Anabolia nervosa 
Limnephilus decipiens 
Umnephilus fusicomis 
Limnephi/us rhombicus 
Limnephilus stigma 
Umnephilidae indet 
Goera pi/osa 
Sericostoma persona/urn 
Molanna angus/ata 1 1 1 1 3 2 1 2 
Athripsodes albifrons 
Athripsodes aterrimus 
Athripsodes cl. bilinealus 
Alhripsodes cinereus 1 1 
Athripsodes sp. 
Ceme/ea disimilis 
Ceraclea nigronervosa 
Cerac/ea senilis 1 1 1 1 
Ceme/ea sp. 
Mystacides azurea 1 
Mysfacides {ongicomis 1 2 1 1 
leptoceridae 3 1 2 2 1 1 1 
Hydropsyche pronota 11 15 17 42 45 55 43 67 83 27 19 25 81 38 14 76 45 
Hydropsyche misc. 45 4 22 93 115 66 86 18 107 62 37 33 107 73 37 117 91 
Tinodes pronota 4 3 2 4 3 4 5 5 4 3 2 4 
Other pronota 3 1 1 5 4 3 2 6 
Other mise 
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Appendix 3e 
3e Totalfor Livefaulla ill traps 
Live in traps February 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) l=West, 2=East 
ro .c <.> ~ .c <.> ro .c <.> .. .c <.> .. .c <.> .. Live counts 07103105 ~ ~ ~ ;;: ~ N N N N N N N U) Ul Ul :2 :2 :2 "- "- Ul Ul Ul :2 :2 :2 "-
Hydroptila sp. 
Tinodes waeneri 
Cymus flavidus 
Cymus trimaculatus 
Neureciepsis bimaculata 
Po/ycentropus flavomaculatus 
Polycentropodidae indet. 
Hydropsyche angustipennis 
H. contubemalis 1 5 2 1 2 1 3 8 1 
H. pel/ucidula 2 
Hydropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Halesus rodialus 
Potamophylax latipennis 
Anabolia nervosa 
Limnephilus decipiens 
UmnephiJus /Usicamls 
Umnephilus rhombicus 
Umnephifus stigma 
Limnephilidae indet 
Goera pi/osa 
Sericostoma personatum 
Mo/anna angustata 
Athripsodes albifrons 
Athripsodes aterrimus 
Athnpsodes ef. bilineatus 
Athripsodes cinereus 
Athripsodes sp. 
Cerae/ea disimilis 
Ceraclea nigronervosa 
Ceraclea senilis 
Ceraclea sp. 
Mystacides azurea 
Mystacides longicomis 
Leptoceridae 1 
Hydropsyche prooota 
Hydr. Mise 
Tinodes pronota 
Other pronota 
Other mise. 
.0 <.> 
N N 
~ "-
1 
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Appendix 3C 
Live in traps March 
S= slow now, M=medium now, F=fast now (box/trap positions) I=West, 2=~ast 
~ .0 U :" .0 0 :" .0 U ~ .0 U ~ .0 U ~ .0 U live counts 04/04/05 ~ ~ u: N N N N N N N N N Vl Vl Vl 
" " " 
u. u. Vl Vl Vl 
" " " 
u. u. u. 
Hydropti/a sp. 5 2 3 5 
Tinodes waeneri 1 
Cymus flavidus 
Cymus trimacu/atus 
Neureclepsis bimacu/ata 
Polycentropus navomaculatus 
Polycentropodidae inde\. 1 
Hydropsyche angustipennis 1 1 
H. contubemalis 3 1 5 7 4 2 3 1 1 1 2 
H. pel/uciduJa 1 1 
Hydropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Ha/esus radiatus 
Potamophyfax latipennis 
Anabolia nervosa 
Limnephifus decipiens 
Limnephilus fusicomis 
Limnephilus rhombicus 
Limnephilus stigma 
Umnephilidae indet 
Goera pi/ass 
Sericostoma personafum 
Mo/anna angust8ta 
Athripsodes albifrons 
Afhripsodes atem'mus 
Athripsodes et. bilineBtus 
Alhripsodes cinereus 2 1 
Athnpsodes sp. 
Ceraclea disimilis 
Cerac/ea nigronervosa 
Ceraclea senHis 
Ceracfea sp. 
Mystacides azurea 
Mystacides longicomis 
l eptoceridae 1 
Hydropsyche pronota 
Hydr. Mise 
Tinodes pronota 
Other pronota 
Other mise. 
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Appendix 3C 
Live in traps April 
S= slow flow, M=mcdium flow, F=fast flow (box/trap positions) l=Wcst, 2=East 
."! .c ;! ."! ~ ;! '" .c 0 '" .c 0 '" 
.c 0 
'" 
.c 0 
live counts 10105105 ~ N N N N N N N N N en en en :;; :;; :;; "- "- en en U) :;; :;; :;; "- "- "-
Hydropti/a sp. 4 2 3 4 
Tinodes waeneri 
Cymus flavidus 
Cymus trimaculatus 
Neurecleps;s bimacufata 1 
Po/ycentropus navomacuJalus 1 1 
Polycentropodidae iode!. 
Hydropsyche angustipennis 
H. contubemalis 2 5 1 21 6 2 3 1 2 
H. pe/lucidufa 1 1 2 5 1 1 1 1 1 
Hydropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Halesus radiBtus 
Potamophylax fatipennis 
Anabolia neIVosa 
Umnephilus decipiens 
Limnephifus fusicomis 
Limnephilus rhombicus 
Limnephilus stigma 
Umnephilidae indet 
Goera pilosa 1 
Sencostoma personatum 
Mo/anna angustata 
Athripsodes albifrons 
Athripsodes aterrimus 1 
Athripsodes cf. bilineatus 
Athripsodes cinereus 2 2 3 1 
Athripsodes sp. 3 4 2 1 
Cerae/ea disimi/is 2 
Cerae/ea nigronervosa 
Ceraclea senilis 
Cerae/ea sp. 
Mystacides 8zure8 
Myst8Cides Iongicomis 1 
l eptoceridae 
Hydropsyche pronota 
Hydr. Mise 
Tinocles pronota 
Other pronota 
Other misc. 
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Appendix 3C 
Live in traps May 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) I=West, 2=East 
~ .0 0 ;'! 
"' 
;: ~ .0 0 ~ .0 0 
'" "' 
0 ~ .0 0 
Live counts 14106105 ~ -
~ 
u: u: N N N N N N N N N <J) en <J) ::; ::; ::; u. <J) <J) en ::; ::; ::; u. u. u. 
Hydroptil8 sp. 1 1 3 1 1 1 
Tinodes wBenen' 1 
Cymus flavidus 
Cymus trimaculatus 
Neureclepsis bimacu/ata 
Polycentropus navomaculatus 
Polycenlropodidae indet. 
Hydropsyche angustipennis 1 
H. contubemalis 1 2 2 17 17 11 1 3 3 3 6 4 
H. pellucidula 1 2 1 1 2 4 5 
Hydropsyche sp. 7 5 7 17 4 3 1 1 1 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Ha/esus radiatus 
Potamophylax latipennis 
Anabolia nervosa 
Limnephilus decipiens 
Limnephilus fusicomis 
Limnephilus rhombicus 
Umnephilus stigma 
Umnephilidae indet 
Goera pi/asa 1 
Sericostoma personatum 
Mo/anna angustata 
Athripsodes albifrons 
Athripsodes aterrimus 
Athripsodes cf. bilineatus 
Athripsodes cinereus 1 1 
Athripsodes sp. 1 
Ceraclea disimilis 
Cerac/ea nigronervosa 
Ceraclea senilis 1 
Ceraclea sp. 
Mystacides azurea 
Mystacides longicomis 
Leptoceridae 
Hydropsyche pronota 
Hydr. Mise 
Tinodes pronota 
Other pronota 
Other mise. 
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Live in traps June 
S= slow flow, M=rnediurn flow, F=fast flow (box/trap positions) l=West, 2=East 
rn D U :" D ;! rn D u rn D u rn D u rn D u 
14/07/05 - - - N N N 
N N N N N N Live counts if) if) if) ::; ::; ::; "- u. "- if) if) if) ::; ::; ::; u. u. u. 
Hydroptita sp. I I 3 I 1 1 
Tinodes waeneri 3 1 5 I 1 1 1 
Cymus flavidus 
Cymus Irimaculatu5 
Neureclepsis bimaculata 
Polycentropus ffavomaculatus 9 12 11 7 8 6 2 7 5 6 3 3 6 4 6 
PoIycentropodidae indet. 1 
Hydropsyche angustipennis 1 1 2 I 
H. contubema/is 22 29 13 75 74 6 3 4 2 3 1 1 9 1 19 
H. pellucidula 1 1 1 6 1 1 4 1 5 3 
Hydropsyche sp. 4 4 18 13 17 2 1 1 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Ha/esus radiatus 
Potamophylax latipennis 
Anabolia nervosa 
Umnephilus dec{piens 
Limnephilus fusicomis 
Umnephilus mombicus 
Limnephilus stigma 
Limnephilidae indet 
Goera pilosa 1 1 
Sericostoma personatum 
Molanna angustata 1 1 
Athripsodes afbifrons 
Athripsodes aterrimus 
Athripsodes er. Minea/us 
Athripsodes cinereus 
Athnpsodes sp. 
Cerae/ea disimilis 
Cerac/ea nigronervosa 
Cerac/ea senilis 
Ceracfea sp. 
Mystacides 8zures 1 1 
Mystacides longicomis 1 
l eptoceridae 1 1 
Hydropsyche pronota 
Hydr. Mise 
Tinodes pronota 
Other pronota 
Other mise. 
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Live in traps July 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) I=West, 2=East 
ro J> 
" 
:'! J> " :'! J> :,! ro J> " 
ro J> 
" 
ro 
live counts 17108105 - - - N N N N N N N <f) <f) <f) ::;; ::;; ::;; u. u. u. <f) <f) <f) ::;; ::;; ::;; u. 
Hydroptila sp. 1 3 5 5 5 1 1 
Tinodes waeneri 
Cymus flavidus 
Cymus tn'macula/us 
Neureclepsis bimaculata 
Po/ycentropus flavomaculatus 1 2 5 2 2 3 4 2 6 2 1 1 1 
Polycentropodidae indet. 
Hydropsyche angustipennis 2 5 1 
H. contubemalis 21 18 16 55 40 43 7 9 14 2 8 2 
H. peflucidula 2 1 9 3 7 3 11 6 1 4 
Hydropsyche sp. 3 2 2 
Phryganea grandis 1 
PhryganeaJAgrypnia sp. 
Lepidostoma hirtum 
Halesus radiatus 
Potamophylax fatipennis 
Anabolia nervosa 
Umnephilus decipiens 
Umnephilus fusicomis 
Umnephilus rhombicus 
Umnephilus stigma 
Umnephilidae indet 
Goera pi/osa 1 
Sericostoma personatum 
Mo/anna angustata 
Athripsodes albifrons 
Athripsodes aterrimus 
Athripsodes cf. bifineatus 
Athripsodes cinereus 1 
Athripsodes sp. 1 1 
CeracJea disimilis 1 
CeracJea nigronervosa 
Cerac/ea senilis 
Ceraclea sp. 
Mystacides azurea 1 1 
Mystacides longicomis 1 
Leptoceridae 2 2 1 1 
Hydr pronota 
Hydr. Mise 
TInodes pronola 
Other pronota 
Other mise. 
J> 
" N N 
u. u. 
1 
3 
1 
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3D Freeze core totals 
'[, I apl/onom y c ore I 
CORE 1 Depth in cm 0-10 10-20 20-30 30-40 40-50 50-<;0 60-70 
Hydroptila s p. 
Tinodes wBeneri 
Cymus ffavidus 
Cymus trimaculatus 
Neurecfepsis bimacufata 
Polycentropus ffavomaculstus 
Polycentropodidae indet. 1 
Hydropsyche angustipennis 1 
H. conlubernalis 1 2 1 
H. pellucidula 1 1 1 
Hydropsyche sp. 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoms hirtum 
Halesus radiatus 1 
Potamophylax latipennis 1 
Anabolia nervosa 1 7 
UmnepMlus decipiens 
Limnephifus fusicornis 
Limnephilid rhombicus 2 
UmnephiJus stigma 
Other Limnephilidae 1 1 1 
Goera p i/ass 2 1 
Sericostoma personatum 
Mo/snna angustata 1 
Athripsodes slbifrons 
A thripsodes aterrimus 
Athripsodes ef. bilinestus 
Athripsodes cinereus 
Athripsodes sp. 
Cerae/ea disimifis 
Cerae/ea nigronervosa 
Ceraclea senilis 1 
Ceraclea sp. 
Mystacides azurea 1 
Mystacides /ongicomis 1 1 1 
Leptoceridae 
Hydr pronota 2 6 
Hydr. Mise 3 15 5 1 2 
Tinodes pronota 
Other pronota 1 
Other misc. 
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Taphonomy Core 2 
CORE 2 Depth in cm 0-10 1()'20 20-30 30-40 40-50 50-60 6()'70 
HydroplilB sp. 
Tinodes waeneri 1 
Cymus flavidus 
Cymus trimacu/atus 
Neureclepsis bimaculata 
Polycentropus flavomaculatus 1 
Polycentropodidae indet. 1 
Hydropsyche angustipennis 3 12 
H. contubemalis 7 8 1 1 
H. pellucidula 1 
Hydropsyche sp. 1 2 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 2 
Halesus type radiatus 1 
Potamophylax latipennis 2 3 
Anabolia nervosa 1 13 19 
Umnephilus decipiens 1 
Umnephilus fusicomis 1 
Limnephilid rhombicus 4 
Limnephilus stigma 
Other Umnephilidae 3 
Goera pifosa 1 
Sericostoma personatum 1 2 
Mo/anna angustata 2 5 
Athripsodes albifrons 
Athripsodes aterrimus 1 1 
Athripsodes et. bilineatus 
Athripsodes cinereus 
Athripsodes sp. 
Ceraclea disimi/is 
Ceraclea nigronervosa 
Ceraclea senilis 
Ceraclea sp. 
Mystacides azurea 
Mystacides /ongicomis 2 1 
l eptoceridae 
Hydropsyche pronota 12 10 1 2 
Hydr. Misc 19 22 3 2 
Tinodes pronota 2 3 1 1 4 
Other pronota 
Other misc. 1 
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Taphonomy Core 3 
CORE 3 Depth in cm 0-10 10-20 20-30 30-40 40-50 50-{;0 60-70 
Hydroptila sp. 
Tinodes waeneri 1 2 1 
Cymus flavidus 
Cymus trimaculatus 
Neurecleps;s bimaculata 
Polycentropus flavomaculatus 
Polycentropodidae lndet. 
Hydropsyche angustipennis 3 1 1 
H. contubemalis 6 14 5 1 
H. pellucidula 2 
Hydropsyche sp. 2 2 
Phryganea grandis 
PhryganealAgrypnia sp. 1 
Lepklostoma hirlum 
Hafesus type radiatus 
PotamophyJax Jatipennis 
Anabofia nervosa 
Limnephilus decipiens 
Limnephilus fusicomis 
Limnephifid rhombicus 
Limnephilus stigma 
Other Limnephilidae 
Goera pi/asa 1 1 
SericQstoma personatum 
Mo/anna angustata 1 
Athripsodes albifrons 
Athripsodes aterrimus 
Athripsodes et. bilineatus 
Athripsodes cinereus 
Athripsodes sp. 1 
Ceraeres disimilis 
Cerae/ea nigronervosa 
Cerae/ea senilis 
Cerac/ea sp. 
Mystacides azurea 
Mystacides longicom;s 1 
Leptoceridae 
Hydropsyche pronota 5 19 7 1 1 
Hydr. Misc 6 26 17 3 2 2 6 
Tinodes pronota 1 1 1 1 
Other pronota 1 1 1 2 2 
Other misc. 3 
347 
Appendix 3 D 
Taphonomy Core " 
CORE 4 Depth in cm 0-10 10-20 20-30 30-40 40-50 50-60 60-70 
HydroptiJa sp. 
Tinodes waeneri 4 1 
Cymus flavidus 1 
Cymus trimacu/atus 
Neureclepsis bimacufata 
Polycentropus ffavomaculatus 
Polycentropodidae lnde!. 
H. angustipennis 
H. contubemaks 4 4 2 1 4 
H. peflucidula 1 1 1 1 
Hydropsyche sp. 1 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Hafesus radiatus 
PotamophyJax latipennis 
Anabofia nervosa 1 
Umnephilus decipiens 
Limnephilus fusicomis 
Umnephilid rhombicus 
Limnephilus stigma 
Other Limnephilidae 1 
Goera pi/asa 
Sericostoma personatum 
Mo/anna angustata 
Athripsodes albifrons 
Athripsodes aterrimus 1 
Athripsodes ef. bflineatus 
Athripsodes cinereus 
Athripsodes sp. 
Ceracfea disimilis 
Cerae/ea nigronervosa 
Carae/ea senilis 
Ceraclea sp. 
Mystacides azurea 
Mystacides longicomis 
Leptoceridae 
Hydropsyche pronota 8 10 9 2 2 7 
Hydr. Misc 4 15 11 4 2 3 8 
Tinodes pronota 9 1 1 1 
Other pronota 1 2 
Other misc. 6 1 2 1 1 
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3E Particle size data All cores 
CORE 1 (Depth in cm) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 
<125mm 1.71 5.35 5.85 11 .98 13.06 61 .55 105.64 
125mm ·1mm 37.11 74.58 64.08 87.04 76.38 267.34 544.87 
1-4mm 24.82 47.62 47.06 64.59 56.95 109.76 84.08 
>4mm 428.47 279.26 161.41 235 284.76 352.13 192.34 
CORE 2 0-10 to-20 20-30 30-40 40-50 50-60 60-70 
<125mm 2.36 8.87 7.91 11.41 52.05 145.78 292.22 
125mm - 1mm 19.07 125.13 73.96 77.89 268.47 732.29 1608 
1-4mm 15.65 130.16 60.89 56.68 105.45 92.91 148.06 
>4mm 860.35 810.97 191 .93 161 .86 278.69 321 .22 397.46 
CORE 3 0-10 10-20 20-30 30-40 40-50 50-60 60-70 
<125mm , 1.6 41 .5 31 .75 26.4 31.86 30.1 41 .12 
125mm - 1mm 134.89 403.91 279.75 266.03 191 .26 291.13 481 .99 
1-4mm 92.04 273.39 118.12 67.42 119.9 114.55 220.08 
>4mm 1378 1938 2042 1378 1424 2148 3508 
CORE4 O-to 10-20 20-30 30-40 40-50 50-60 60-70 
<125mm 11.31 45.07 23.48 18.83 28.12 30.24 52.68 
125mm -fmm 112.49 474.98 235.29 216.67 264.49 321 .69 618.09 
1-4mm 96.37 282 .04 132.34 124.01 264.21 297.33 351 .7 
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3F Kick sample counts 
Kick samples February - April 
S= slow flow, M=medium flow, F=fast flow (box/trap positions) l=West, 2=East 
0710312005 S1 S2 M1 M2 F1 F2 04104/2005 51 52 M1 M2 F1 F2 10105/2005 
Hydroptifa sp. 1 1 1 1 
Tinodes waaneri 1 3 1 1 8 4 6 9 
Cymus flavidus 
Cyrnus trimacu/atus 
Neurec/epsis bimaculata 
Po{ycenlropus flavomaculatus 1 1 
PolycentropodidaB indet. 
H. angustipennis 1 3 1 1 2 
H. contubemafis 1 2 2 11 4 15 38 93 52 73 72 
H. pellucidula 2 3 8 1 6 2 8 27 2 1 17 
Hydropsyche 'p. 1 1 1 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Melamophylax mucoreus 
AnaboJia nelVosa 
Limnephifus decipiens 
Limnephifus stigma 
Goers pi/asa 
SericDstoma personaturn 
MO/Bnna angustata 1 
Athripsodes afbifrons 
Athripsodes ale"imus 
Athripsodes et. bilineatus 2 
Athnpsodes cinereus 1 
Athripsodes 'p. 1 1 
Ceraclea disimi/is 
Ceraclea nigronervosB 
Ceraclea senilis 
Cerac/ea sp. 
Mystacides azurea 
Mystacides longicornis 
Leptoceridae 
Appendix 3F 
51 52 M1 M2 
1 1 2 
1 4 
1 5 
1 20 4 
3 
1 
1 
F1 
1 
2 
11 
13 
2 
1 
F2 
1 
4 
11 
1 
1 
1 
1 
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Kick samples May- July 
s = slow flow, M=medium flow, F=fast flow (box/tra 'positions) J=West, 2=East 
1410612005 51 52 M1 M2 F1 F2 14/0712005 Sl 52 M1 M2 Fl F2 17106/2005 
Hydroptila sp 1 1 6 1 
Tinodes wBan8'; 4 1 1 3 6 
Cyrnus ffavidus 
Cymus trimacu/atus 
Neureclepsjs bimaculata 
Po/ycentropus flavomacufatus 1 8 4 1 2 
Polycentropodidae indet. 
Hydropsyche angustipennis 1 4 1 
H. contubernafis 1 4 5 11 13 11 35 16 12 
H. pellucidufa 1 1 20 16 1 10 2 
Hydropsyche sp. 6 
Phryganea grandis 
PhryganealAgrypnia sp. 
Lepidostoma hirtum 
Melamophylax mucoreus 
~nabofia nervosa 
Limnephilus decipiens 
Umnephilus stigma 
Goera pHosa 
$ericostoma personatum 
Mo/snna angustata 
IAthripsodes Bib/frons 
~thripsodes aterrimus 
IAthripsodes ef. bilineatus 
IAthripsodes cinereus 
lA~hripsodes sp. 
Ceraclea disimilis 
Cerae/ea nigroneNos8 
Cerae/ea senilis 2 
Carac/ea sp. 
Mystacides azurea 
Mystacides longicomis 
Leptoceridae 
Appendix 3F 
51 52 Ml M2 
1 
1 5 1 
1 2 
2 
2 18 16 
2 
Fl 
1 
8 
4 
87 
22 
4 
F2 
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3G Particle size in sediment trap totals (February - July) 
s~ slow flow, M~medium flow, F~fas t flow (box/trap positions I =West, 2~East 
07103/2005 51. Sib Sic Ml. Mlb Mi c Fl. Fib Flc 52. 52b 52c M2. M2b M2c F2. 
<125um 23.78 18.06 18.71 23.51 15.83 13.76 7.11 4.58 3.97 21 .58 20.54 23.17 21.27 29.25 23.42 17.77 
125um -lmm 92.09 98.67 95.82 193.57 208.96 216.3 270.11 249.72 250.86 4.92 3.14 3.02 2.14 1.28 4.34 4.87 
1-4mm 10.51 15.5 18.19 51 .75 55.92 61 .22 129.3 116.5 104.92 2.13 2.69 1.04 2.36 1.84 10.86 2.82 
04/0412005 51. 51b 51c M1. M1b M1 c F1. F1b F1c 52. 52b 52c M2. M2b M2c F2. 
<125um 6.33 8.61 8.38 15.05 13.53 11 .82 7.44 6.95 6.91 15.15 8.58 11 .58 12.62 12.95 17.05 8.85 
125um -1mm 16.03 6.6 7.39 74.88 32.03 23.65 161 .03 191.17 220 2.52 3.34 3.89 2.26 1.71 3.2 3.2 
1-4rnm 7.36 4.43 9.11 11 .35 9.71 8.65 37.29 40.14 47.34 7.32 6.42 6.84 5.04 5.33 4.49 6.77 
10/05/2005 51. Si b Sic Ml. Mlb Mic Fl. Fib Flc 52. 52b S2c M2. M2b M2c F2a 
<125um 17.42 22.15 21 .46 15.35 22.51 18.38 14.05 15.22 14.59 15.81 14.54 22.35 16.72 14.73 13.88 14.12 
125um -lmm 18.13 18.14 34.18 97.38 148.08 230.96 171.85 191 .73 115.46 5.4 7.09 13.07 7.48 5.22 3.72 4.16 
1-4mm 7.83 8.2 14.44 29.76 31 .92 61 .94 60.57 73.55 25.45 3.83 10.02 18.4 6.46 4.01 6.89 2.67 
14106/2005 51. S1b S1c M1. Mlb M1 c F1. F1b F1c 52. S2b 52c M2a M2b M2c F2a 
<125um 16.74 19.95 12.01 9.15 7.79 8.19 12.68 13.37 8.82 18.3 20.05 20.01 15.39 16.07 21 .09 8.35 
125um - 1mm 39.3 44.41 42.68 222.13 149.78 89.28 107.28 96.82 59.7 6.48 4.81 5.88 8.37 8.67 3.19 3.74 
1-4mm 6.78 5.91 7.01 192.59 80.17 46.9 149.08 BB.28 39.88 18.81 11 .51 5.19 7.97 6.29 4.25 10.18 
1410712005 51. SIb SIc Ml. Mlb MIc Fl. Fib Flc 52. 52b 52c M2. M2b M2c F2. 
<1 25um 25.47 22.32 31.78 16.63 18.85 15.53 11 .45 9.19 9.79 16.95 17.43 14.64 10.89 14.53 20.18 13.95 
125um - lmm 166.84 127.55 99.21 34.6 61 .58 55.42 26.69 26.62 28.51 5.59 10.12 18.52 6.67 5.97 12.42 10.89 
1-4mm 11 .12 7.32 8.52 14.24 34.41 17.48 25.17 35.42 47.89 4.4 5.33 3.51 2.91 5.02 3.19 6.79 
17/08/2005 51. 51b Si c Ml. Mlb M1 c F1. F1b F1c 51. 51b 51c M1. M1b M2c F2. 
<125um 15.23 23.95 14.86 16.86 17.09 19.1 16.15 10.88 12.6 13.87 11 .73 12.23 26.59 17.49 14.47 16.35 
125um - 1mm 311 .85 337.68 396.61 87.4 103.99 62.94 45.28 102.53 44.66 10.04 11.56 19.02 8.33 13.51 11 .09 14.67 
1-4mm 15.09 24.08 11 .33 28.37 28.74 20.17 30.06 55.73 31.19 8.28 6.81 8.23 3.85 11 .66 5.24 9.68 
Total per site 807.9 813.53 851.69 1134.57 1040.89 981.69 1282.59 1328.4 1072.54 181 .38 175.71 210.59 167.32 175.53 182.97 159.83 
Averagel month 134.65 135.59 141 .95 189.10 173.48 163.62 213.77 221.40 178.76 30.23 29.29 35.10 27.89 29.26 30.50 26.64 
"-' Table 3G SedIment totals for River Soar traps by month and sediment Size gronp. All measurements are ID grams 
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Appendix 3G 
F2b F2c Total 
14.05 3.58 303.94 
5.59 7.28 1712.68 
3.44 5.01 596 
F2b F2c 
7.05 178.85 
2.92 755.82 
3.27 220.86 
F2b F2c 
14.36 13.84 301.48 
5.11 5.55 1082.71 
3.83 4.36 374 .13 
F2b F2c 
14.78 14.7 257.44 
3.64 3.29 899.45 
6.48 3.85 691 .13 
F2b F2c 
13.71 10.96 294.25 
12.01 6 715.21 
6.62 5.53 244.87 
F2b F2c 
10.41 269.86 
15.1 1596.26 
8.2 306.71 
150.57 83.95 
25.10 20.99 
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Dates showing sample points 
3H Hydrograph (mJ S·I) from Pillil/gs lock (Data courtesy of the EI/virol/ment Agency) 01101105 to /4109105 
Appendix 3H 
Appendix 31 
3/ Three Cross-sections of the River Soar in the study reuch 
Cross-sections demonstrating variation in depth and profile of channel (moving downstream from 1-
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